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SOMMAIRE 
La recherche sur les polymeres organometalliques est en grande expansion partout dans 
le monde. Une de leurs applications est dans les dispositifs photoniques. Premierement, 
cette etude rapporte la synthese de polymeres organometalliques contenant les fragments 
Pd2(dppm)2 et Pt2(dppm)2 , et la synthese de leurs composes modeles dans la 
publication intitulee Solution and Solid State Properties of Luminescent M-M Bond-
Containing Coordination/Organometallic Polymers Using the RNC-lVbrdpprnb-CNR 
Building Blocks (M = Pd, Pt; R = aryl, alkyl) parue dans le journal Inorganic Chemistry. 
Les ligands utilises sont le l,4-diisonitrile-2,3,5,6-tetramethylbenzene, le 1,8-diisonitrile-
p-menthane, le l-isonitrile-2,6-dimethylbenzene et le l-isonitrile-4-isopropylbenzene. 
Les polymeres ont des longueurs de chaines variant de 2 a 10 unites en solution qui ont 
ete determinees par les techniques de la diffusion de la lumiere, des mesures des 
constantes Ti et NOE, et des mesures de la viscosite intrinseque. A la suite des etudes 
effectuees, les produits sont sous forme de polymeres a l'etat solide et d'oligomeres en 
solution. Les polymeres synthetises sont luminescents. Des mesures de conductivite 
electriques ont ete effectuees sur les polymeres. Les resultats ont ete non concluants. Les 
produits ont ete caracterises par les techniques de RMN *H et 31P, IR, UV-visible, analyse 
elementaire, cristallographie, ATG (analyse thermogravimetrique), DSC (calorimetrie 
differentielle a balayage) et de spectrometrie de masse. Ces complexes ne sont pas des 
candidats ideaux pour une utilisation dans des dispositifs luminescents. 
Deuxiemement, des nouveaux ligands assembleurs ont ete synthetises avec des 
groupements ethynyles pour la complexation sur le platine et le palladium. Ces nouveaux 
ligands contiennent des fragments 1,4-diiminequinones. Ces fragments sont reconnus 
pour avoir un comportement d'oxydation ou de reduction reversible. Des vagues 
reversibles en oxydation lorsque les imines ou les amines sont protonnees, ont ete 
observees. Ces ligands pourront servir d'interrupteur moleculaire dans la formation de 
polymeres si les ligands sont protonnees ou non. De plus, les ligands ont ete synthetises 
avec differents groupements (F et OMe) sur les fragments 1,4-diiminequinones. 
Differents essais ont ete effectues pour complexer des ligands ethynyles sur le fragment 
n 
Pt(PEt3) et Pd(PEt3) . Le fragment peut exister en deux formes differentes, soit que les 
phosphines sont en cis ou en trans. Les resultats obtenus sont inclus dans Particle intitule 
Conjugated Oligomers and Polymers of cis- and trans-Platmwn(ID-para- and ortho-
BisfethynvlbenzenelquinoneDiimine accepte dans le journal Organometallics. 
Finalement, les nouveaux ligands assembleurs synthetises ont aussi des groupements (Me 
et CI) sur les fragments 1,4-diiminequinones. Les produits ont ete caracterises par les 
techniques de RMN 'H, 13C, 31P, IR, UV-visible, analyse elementaire, cristallographie, 
ATG (analyse thermogravimetrique), DSC (calorimetrie differentielle a balayage) et de 
spectrometrie de masse. 
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INTRODUCTION 
Depuis environ une decennie, le developpement de nouveaux materiaux est l'un des 
principaux objectifs de la chimie organometallique (1). La science des materiaux ne cesse 
de progresser et de nouvelles applications sont rapportees. Les applications mentionnees 
ci-dessous montrent l'importance de ce domaine de la chimie inorganique. Les 
applications incluent les DEL (2), les piles photovoltai'ques (3) et les cristaux liquides 
dans l'affichage numerique (4). Meme si le domaine evolu costamment, il reste encore 
beaucoup de travail, notamment pour trouver des dispositifs photoniques plus efficaces. 
L'integration des metaux dans les chaines de polymeres font emerger des proprietes qui 
ne sont pas typiques aux polymeres organiques conventionnels. Les nouvelles proprietes 
sont tres diverses: catalyse homogene ou heterogene (5), luminescence (5) et 
conductivite electrique (6). L'integration des metaux fait en sorte que les polymeres vont 
profiter des avantages des metaux (semi-conductivite ou conductivite), mais aussi des 
avantages des polymeres organiques (bonnes proprietes mecaniques et solubilite). Les 
polymeres sont majoritairement utilises dans la fabrication des materiaux photoniques. 
Parmi les ligands les plus utilises pour la synthese de polymeres organometalliques sont 
les ligands de types diisonitrile (C=N-R-N=C) et diethynyle (C=C-R-C=C). Le ligand 
dmb a ete utilise dans le laboratoire du Professeur Harvey et a permit de construire des 
polymeres unidimensionnels de type {[M(dmb)2]X}n ou M = Ag, Cu et X = BF4", NO3" et 
PF6- (7) (Figure la). Ces materiaux ont conduit a l'achevement de piles photovoltai'ques 
qui ont demontre le potentiel des polymeres organometalliques en photophysique. Des 
polymeres de palladium ont ete synthetises avec des phosphines ou le dmb comme ligand 
pontant entre deux dimeres de palladium (Figure lb). Le laboratoire a aussi fabrique des 
complexes tetrameriques de platine et de palladium (8) (Figure lc) contenant des liaisons 
metal-metal. L'integration de ces liaisons permet le passage des electrons (expliquee ci-
16 
dessous, reference 9), Papparition d'un chromophore et raugmentation de la rigidite du 
polymere. 
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Figure 1. a) Polymere unidimensionnel a base de dmb (7). b) Poly meres a base de 
palladium et de dmb et des diphosphines (10). c) Complexes tetrameriques de 
platine et de palladium (8). 
J.H.K Yip et al. (9) ont prouve qu'il pouvait y avoir passage des electrons au travers de la 
liaison Pt-Pt. Le groupe a synthetise le complexe [Pt2(dppm)2(C=CFc)2] contenant deux 
groupements ferrocenyles de chaque cote de la liaison Pt-Pt (Figure 2). La 
voltamperometrie cyclique a ete effectue sur le produit et ils ont obtenu deux vagues 
d'oxydation reversibles a un electron. La premiere vague correspond a l'oxydation du 
premier ferrocenyle et la deuxieme vague est aussi l'oxydation d'un ferrocenyle plus 
difficile a oxyder. La difference de potentiel peut etre expliquee par la delocalisation du 
deuxieme electron pour stabiliser la charge positive rendant l'oxydation plus difficile, 
17 
done le passage d'electrons dans la liaison Pt-Pt est possible. Pour prouver leur 
hypothese, ils ont contamine la liaison Pt-Pt avec un bromure d'or pour former le 
complexe [Pt2(u-AuBr)(dppm)2(C=CFc)2]. Le compose d'or affecte les orbitales de la 
liaison Pt-Pt et diminue le recouvrement des orbitales n le long de la liaison Pt-Pt. La 
voltamperometrie cyclique a ete effectuee sur le compose et ils ont trouve une seule 
bande correspondant a deux electrons pour l'oxydation des ferrocenyles, ce qui demontre 





Figure 2. Voltamperometrie cyclique du [Pt2(dppm)2(CsCFc)2] (haut) et du [Pt2(u-
AuBr)(dppm)2(C=CFc)2] (bas) qui mene a l'oxydation des ferrocenyles (9). Les 
ligands dppm ne sont pas montres en bas pour la clarte. 
18 
II y a de nombreux exemples de polymeres avec des diethynyles dans la litterature. Par 
exemple, K.A. Bunten et A.K. Kakkar (6) ont COINJU deux polymeres tres semblables 
ayant des proprietes differentes. Le compose A (Figure 3) est un semi-conducteur (2,5 x 
10" S/cm) et il est fluorescent a 400 nm a 298K. En reagissant le compose A avec de 
l'iodure de methyle, on peut obtenir le compose B (Figure 3) qui est un isolant et qui au 
contact d'une vapeur d'iode, devient semi-conducteur (3,4 x 10' S/cm). W.-Y. Wong et 
al. (11) ont synthetise le compose C (Figure 3) ayant un groupement fluorene qui est 
thermiquement stable jusqu'a 350 °C. La GPC revelent un polymere de 116 unites. Ceci 
est eleve pour un polymere de platine. De plus, le gap energetique entre la HOMO et la 
LUMO est tres bas a 1,58 eV (600 nm). Le compose D (Figure 3) a ete cree par 
Puddephatt et al. (12) ou on retrouve un polymere avec une liaison Pt(I)-Pt(I) dans le 
squelette. Le polymere est tres peu soluble dans les solvants communs et il n'a ete 
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Figure 3. Exemples de polymeres organometalliques tires de la litterature (6,11,12). 
Ces exemples illustrent la diversite des polymeres organometalliques au niveau des 
ligands pontants et au niveau du fragment metallique. De plus, on constate les proprietes 
particulieres en conductivite et optiques de ces polymeres. C'est a cause de ces proprietes 
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et lews applications que plusieurs groupes de recherche travaillent sur ce type de 
complexes. 
Parmi les molecules utilisees pour la conception de nouveaux materiaux, il y a le 
fragment bis(ethynylaryl)bis(phosphine)platine(II), Ar-C=C-PtL2-C=C-Ar. Ce fragment 
peut-etre utilise pour synthetiser de nouveaux oligomeres et polymeres organometalliques 
conjugues cycliques ou acycliques. lis peuvent aussi etre utilises pour preparer des 
dendrimeres, soient des molecules qui ont la form d'une etoile. Les unites cis et trans du 
Ar-C=C-PtL2-C=C-Ar sont des chromophores photo et electro luminescent. 
a—P-o aNaNo 
PR3 N 
frans-bis(ethynylbenzene)bis(phosphine)platinum(ll) frans-quinone diphenyldiimine 
Le fragment diimine quinone, par contre, n'est pas un chromophore non-luminescent 
mais qui a des proprietes electro-reactif en solution acide. Le N,N'-diphenyl-l,4-
phenylenediamine et sa forme reduite, la quinone diimine est souvent etudiee par rapport 
au polymere conducteur polyaniline dans sa forme emeraldine protonnee. 
Le memoire rapporte de nouveaux polymeres organometalliques conjugues qui ont la 
structure (-[ethynylbenzene-metal-ethynylbenzene]-[quinone diimine]-)n ou 
[ethynylbenzene-metal-ethynylbenzene] est l'unite trans- ou cw-PtL2(C=CC6H4-)2 et 
Pespece [quinone diimine] est le bis(ethynylbenzene)-N,N'-tetramethoxyquinone diimine 
substitue en para- ou en ortho. Les proprietes photophysiques des polymeres synthetises 
(montres ci-dessous) ont donne de la luminescence qui venait des etats excites a 77 K et 
le polymere para/trans n'est pas luminescent. 
L'objectif du projet consistait a synthetiser des molecules contenant des liaisons Pd(I)-
Pd(I) et Pt(I)-Pt(I) et de les complexer avec des ligands assembleurs de types diisonitriles 
et diethynyles pour tenter de faire des composes semi-conducteurs ou photoconducteurs. 
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Ensuite, les proprietes specifiques de ces polymeres ont ete etudiees par differentes 
methodes de caracterisation (RMN 1H, 13C et 31P incluant Ti/NOE, IR, Raman, UV-
visible, analyse elementaire, cristallographie des rayons-X, DRX de poudre, ATG, DSC, 
luminescence, duree de vie de luminescence, conductivity, viscosite, spectrometrie de 




1.1 Les poly meres 
Le mot polymere a un origine grec : poly- qui veut dire « plusieurs ou nombreux » et -
mere qui veut dire « partie ou unite». Un polymere est une macromolecule composee 
d'une repetition de plusieurs unites identiques ou semblables. Ces unites sont des 
monomeres et constituent la plus petite unite repetitive de la macromolecule. 
Typiquement, les polymeres forment de longues chaines et lorsqu'ils contiennent 
quelques unites, ils sont nommes oligomeres. 
La conformation des polymeres peut etre etendue ou pliee. Les liaisons simples peuvent 
tourner. Ceci permet done aux chaines de pouvoir se replier en conformation pliee. II y a 
des facteurs obligeant le polymere a rester en position etendue comme par exemple, la 
presence de liaisons multiples qui empechent la rotation, l'encombrement sterique et les 
ligands pontants. 
La croissance des chaines d'un polymere est aleatoire. Le polymere contient done des 
chaines de differentes longueurs et il faut alors parler de distribution de masses 
moleculaires. Le nombre d'unites monomeres est proportionnel a la masse moleculaire de 
la chaine. Ce nombre d'unites est appele degre de polymerisation (DP). Pour les 
oligomeres, le degre de polymerisation varie entre 2 et quelques dizaines. Si les 
polymeres sont une distribution de masses moleculaires, il faut alors parler de valeurs 
moyennes de masses moleculaires. II y a deux masses moleculaires moyennes 
importantes : la masse moyenne en nombre (M n ) et la masse moleculaire en poids 
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(Mw ). Un exemple de distribution des masses moleculaires des chaines d'un polymere 
est illustre dans la Figure 4. La masse moleculaire en nombre est egale a la somme de 
toutes les masses presentes, chacune ponderee par sa fraction en nombre, demontre dans 






La masse moyenne en poids est la somme de toute les masses presentes, chacune 





Masse des chaines 
Figure 4. Exemple de distribution des masses moleculaires des chaines d'un 
polymere (13). 
Les deux valeurs de masses molaires sont semblables quand la distribution de masses est 
tres etroite et inversement lors d'une distribution large. L'ecart entre Mn et Mw change 
proportionnellement avec la largeur de la distribution. Le ratio des masses molaires 
moyennes equivaut au coefficient de distribution des masses molaires. Ceci est appele 
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indice de polymolecularite (IP) defini par l'equation 1.3. Un polymere est polydisperse 




Trois types d'architectures des polymeres existent: lineaires (polyethylene), ramifies 
(dendrimere) et reticules (caoutchouc). Dans les polymeres lineaires, la chaine contient 
un squelette, des groupements lateraux et deux groupements terminaux. Les chaines 
s'entremelent (enchevetrement) pour former une pelote statistique (Figure 5). 
Polymere lineaire : Pelote statistique : 
(Tt 
- T 
• • = groupement terminal 
^ = groupement lateral 
Figure 5. Representation schematique d'un polymere lineaire et agrandissement 
d'une pelote statistique. 
Les deux autres architectures surveniennent lorsque les unites monomeriques constituant 
les polymeres ont une fonctionnalite (nombre de liens partant vers des chaines) plus 
grande que deux. Les structures ont plusieurs chaines lineaires attachees ensemble. 
Dans la categorie des polymeres branches, il y a les polymeres ramifies, les polymeres en 
etoile et les dendrimeres (Figure 6). Les points de branchement sont distribues dans les 
chaines avec une certaine regularite. 
Les polymeres reticules ont des chaines qui sont reliees entre elles par des ponts ou en 
polymerisant des monomeres ayant en moyenne une fonctionnalite plus grande que deux 
(Figure 7). Ce sont des polymeres tres resistants parce qu'ils ont beaucoup de points 
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d'attachement entre les chaines comme le caoutchouc qui devient un polymere reticule 
apres le procede de vulcanisation qui insere des ponts disulfures (14). 
ramifie en etoile dendrimere 
Figure 6. Representation schematique des differents types de polymeres branches. 
Figure 7. Representation schematique de polymeres reticules. 
Un polymere qui est compose d'une seule sorte de monomere est appele homopolymere. 
Par exemple, le polymere {[Pd2(dppm)2(dmb)]2(BF4)}n est un homopolymere car il est 
forme de la repetition d'une seule unite. II est possible de construire des polymeres a 
l'aide de differentes unites monomeres. lis sont appeles des copolymeres et sont 
construits en liant chimiquement deux ou plusieurs chaines de monomeres differents. La 
Figure 8 montre les differents types de copolymeres : statistiques, alternes, a bloc ou 
greffes. 
L'architecture est une facon de classifier les polymeres. La capacite de mise en forme 
d'un polymere est une autre facon de nous permettre de cataloguer les polymeres. II 
existe deux qualifications, un polymere peut etre thermoplastique ou thermodurcissable. 
Un polymere est thermoplastique quand il peut se dissoudre dans les solvants ou bien etre 
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ramolli par de la chaleur ou de la pression. Contrairement, lorsqu'un polymere ne se 
dissout pas dans les solvants ou ne peut pas etre ramolli par la chaleur ou la pression, il 
est appele thermodurcissable. Ces derniers sont tres difficiles a recycler. 
et CZ!^ sont des monomeres differents 
Figure 8. Representation schematique d'homopolymere et des differentes sortes de 
copolymeres. 
La cristallinite (capacite des chaines a s'organiser d'une maniere symetrique dans 
l'espace) d'un polymere est aussi un moyen de faire une classification, il est soit amorphe 
ou cristallin. Un polymere amorphe a de la difficulte a creer une organisation reguliere 
entre les chaines. Quand les chaines d'un polymere peuvent s'ordonner parallelement, le 
polymere est cristallin (Figure 9). Les polymeres cristallins ont toujours des parties 
amorphes, on les appelle semi-cristallins. Le pourcentage des regions cristallines est 
appele le degre de cristallinite. Les polymeres qui ont des chaines non-ramifiees sans ou 
avec peu de groupements lateraux volumineux sont souvent plus cristallins. Les 
polymeres thermodurcissables sont generalement amorphes et ceux thermoplastiques 
cristallisent avec difficulte ou ne cristallisent pas a cause de groupements volumineux ou 
irregulierement rdpartis. 
II y a plusieurs fa9ons de synthetiser des polymeres. II y a trois procedes majeurs de 
polymerisation : la polymerisation en chaine ou d'addition, la polycondensation ou 
polymerisation par etapes et la polymerisation de coordination. La polymerisation en 
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chaine survient lorsqu'un bout de chaine devient un site actif pour reagir avec un autre 
monomere contenant une double liaison. Cette reaction additionne un ou plusieurs 
monomeres en un temps tres court et peut etre radicalaire, anionique ou cationique. II y a 
trois etapes dans une polymerisation en chaine : l'amorcage, la propagation et la 
terminaison. La polycondensation, le deuxieme procede, se fait par une reaction de 
condensation entre des monomeres di- ou plurifonctionnels. La polymerisation est plus 
longue et les longueurs de chaines augmentent tout au cours de la reaction. 
Troisiemement, la polymerisation de coordination est plus recente et a commence par la 
reaction de Ziegler-Natta (prix Nobel en 1963) pour synthetiser des polymeres vinyles 
(14). Le principe est 1'activation du catalyseur, la complexation d'une double liaison sur 
le metal, la migration d'un groupement allylique sur la double liaison et la repetition des 
deux dernieres etapes jusqu'a l'obtention d'un long polymere. Les techniques utilisees 
pour la synthese de polymeres dans ce memoire sont celles de polymerisations d'addition 
basees sur la chimie de coordination. 
Polymere cristallin 
Polymere semi-cristallin 
. .1 i . _ . 
Partie par tie cristalline Partie 
amorphe amorphe 
Figure 9. Representation schematique d'un polymere cristallin et d'un polymere 
semi-cristallin. 
Les forces moleculaires et les types de liaisons chimiques sont tres importants dans les 
polymeres organometalliques car ils influencent les proprietes des materiaux. II y a deux 
categories de forces qui englobent plusieurs types de forces ou de liaisons. Les forces 
primaires, la premiere categorie, sont de plus de 50 Kcal/mol. Cette categorie comprend 
les liaisons covalentes, ioniques et metalliques. Les liaisons de coordination font aussi 
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partie de cette categorie. La paire d'electrons fournie par le ligand forme la liaison de 
coordination. II est possible que le metal soit considere comme un acide de Lewis 
(accepteur de doublets electroniques) et que le ligand comme une base de Lewis (donneur 
de doublets electroniques). Plus le metal est charge positivement, plus il devient un 
meilleur acide de Lewis. La liaison va generalement etre plus forte et inversement. Les 
ligands peuvent etre charges ou neutres, la charge du complexe de coordination va etre 
determinee par la somme de la charge du metal et des ligands. Les liaisons de 
coordination sont labiles. La chimie de coordination est, par consequent, une chimie 
d'echanges et de competition entre les ligands. La nature, la force, la charge des ligands 
et la retrodonnation sont des parametres jouant sur la labilite sur le metal. 
Les interactions intermoleculaires ou les forces secondaires sont la deuxieme categorie et 
elle sont de moins de 40 Kcal/mol. Les forces sont responsables des interactions entre les 
chaines ou les macromolecules. La force de cohesion entre les chaines provient de ces 
forces et determinent aussi les proprietes physiques comme la cristallisation. Ces forces 
incluent celles de Van der Walls qui ont une influence sur les molecules non polaires. 
Ensuite, la force inductive agit entre les molecules non polaires et polaires. Ces deux 
dernieres sont independantes de la temperature. Les molecules polaires sont aussi 
influencees par la force polaire qui est inversement proportionnelle a la temperature. II a 
ensuite les liaisons hydrogenes, formees par un hydrogene (sur un lien polarise) et par un 
doublet d'electrons libres, qui peuvent rapprocher faiblement deux molecules. 
1.2 Proprietes photophysiques 
Les proprietes photophysiques comprennent tous les phenomenes radiatifs d'absorption et 
d'emission et non-radiatifs. Quand une molecule absorbe un photon d'energie suffisante, 
elle atteint un etat electronique excite. La molecule a plusieurs choix pour relaxer et 
perdre son energie: fluorescence, phosphorescence, transfert d'energie ou d'un electron 
vers un accepteur, relaxation sous forme de chaleur, decomposition photochimique. Dans 
les molecules qui contiennent des metaux de transition, on appelle luminescence les 
phenomenes de fluorescence et de phosphorescence. Pour avoir plus de details, consultez 
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le livre de Turro (15). La Figure 10 represente tous les phenomenes d'absorption, de 
luminescence et de phosphorescence explique dans cette partie. 
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Figure 10. Diagramme des niveaux energetiques illustrant les phenomenes 
d'absorption, de luminescence et de phosphorescence (Diagramme de Jablonski). 
1.2.1 Absorption 
En spectroscopic, l'absorption est Taction d'une molecule pour attenuer le rayonnement 
electromagnetique incident. En se referant a la theorie quantique, chaque atome, ion ou 
molecule a un ensemble unique d'etats electroniques. L'etat energetique le plus bas, qui 
domine a la temperature ambiante est l'etat fondamental (So sur la figure). Pour avoir un 
absorption, Penergie du photon passant doit etre de meme energie que la difference entre 
un niveau excite (Si ou S2 sur la Figure 10) et le niveau fondamental. La Figure 11 
illustre que le niveau vibrationnel le plus probable pour recevoir l'etat excite est celui qui 
ressemblera le plus a l'etat fondamental. Les deux fonctions d'ondes sont celles ayant la 
plus grande integrate de recouvrement (Figure 11). Si le photon est absorbe,Tespece M 
recoit l'energie du photon et passe a un etat d'energie plus eleve, l'etat excite M*. 
M + h v - » . M * 
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Apres un temps tres court (10'6 a 10"9 s), l'espece dans son etat excite va relaxer par 
differents mecanismes nommes precedemment. On peut mesurer le spectre d'absorption a 
l'aide d'un spectrometre UV-visible. II est possible de determiner a quelles frequences 
(cm"1) ou longueur d'onde (nm) l'espece absorbe les photons. On mesure l'attenuation du 
faisceau en absorbance (A) ou en transmittance (T ou T%). La Figure 11 illustre 
schematiquement 1'absorption avec les equations permettant de calculer 1'absorbance et 
la transmittance. Dans la Figure 11, Po represente le rayon incident et P represente le 
rayon transmis. 
T = ^ ou r% = -^xl00%
 [ L 4 ] 
A- log— [1.5] 
A la temperature ambiante, la population de l'etat fondamental est distribute dans les 
niveaux vibrationnels plus eleves (petits chiffres sur la Figure 10) que le niveau 
fondamental (Figure 12). La population de ces niveaux peut monter dans le niveau 
superieur, ces transitions sont appelees « bandes chaudes » (Figure 12A). Ceci se produit 
lors de la presence de liaisons metal-metal dans le chromophore. La presence de ces 
bandes depend de la frequence vibrationnelle des modes actifs dans les transitions 
electroniques. Pour une transition da—>da*, ce mode est v(M2) qui est de basse intensite 
et mene a une contribution significative des bandes chaudes dans l'enveloppe spectrale 
da—•do*. Pour les transitions MLCT (metal-to-ligand-charge-transfer) ou da—>da*, des 
frequences elevees de modes actifs sont generalement presentes, comme les elongations 
M-L ou intraligands. Due a la grosseur du gap energetique, il est possible de faire 
« disparaitre » les bandes chaudes en refroidissant 1'echantillon a 77 K. Les molecules 
n'ont pas assez d'energie pour populer les niveaux vibrationnels superieurs (Figure 12B). 
Les transitions vers l'etat excite ne sont plus visibles dans le spectre d'absorption et seule 
les transitions du niveau fondamental demeure. Cette absence peut done permettre de 
confirmer la presence d'une liaison metal-metal (16,17) 
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Figure 11. Representation schematique d'une transition electronique (18,19). 
1.2.2 Luminescence 
A la suite de l'absorption, l'espece excitee relaxe vers a l'etat fondamental et plusieurs 
chemins s'offrent a elle (voir la description de ces derniers au debut de la section 1.2). 
Parmi ces choix, la fluorescence et la phosphorescence produisent le degagement d'un 
photon lors de la relaxation. 
La fluorescence est definie par un processus radiatif sans changement de multiplicite. La 
fluorescence se produit lorsqu'il y a une absorption (section 1.2.1) et ensuite, la molecule 
est soumise a des collisions avec les autres molecules. Ces collisions cause une relaxation 
plus rapide jusqu'au niveau vibrationnelle le plus bas de l'etat excite (Figure 13). A partir 
de v = 0, la molecule peut emettre un photon (fluorescence) dans un processus radiatif de 
relaxation vers l'etat fondamental. Le spectre d'absorption a une structure vibrationnelle 
caracteristique de la molecule a l'etat excite et le spectre de fluorescence montre des 
espacements vibroniques de la molecule a l'etat electronique fondamental. 
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Figure 13. Succession d'etapes conduisant a la fluorescence et les spectres 
d'absorption (a) et d'emission (b) montrant une structure vibrationnelle ou les 
transitions 0-0 coincides (20). 
La phosphorescence est un processus radiatif avec changement de multiplicite. Les 
premieres etapes sont identiques a celle de la fluorescence mais lorsqu'il y a la presence 
d'un etat excite triplet, il y aura conversion intersystemes entre le singulet et le triplet. 
Lorsque les courbes d'energie potentielles s'entrecoupent (Figure 14), les etats excites 
singulet et triplet presentent la meme geometric II est done possible de desapparier les 
spins de deux electrons (conversion de f 4 en T t ), la molecule subit la conversion 
intersystemes et passe a l'etat triplet. Cette conversion est aussi importante lorsqu'il y a 
presence d'elements lourds comme les elements de transition (15), parce que le couplage 
spin-orbite est plus important. La molecule dans l'etat triplet continue a liberer de 
Penergie dans l'environnement en relaxant a travers les niveaux vibrationnels de l'etat 
triplet. Lorsque la molecule atteint le niveau vibrationnel le plus bas de l'etat triplet, elle 
est piegee, car il n'y a plus d'etat singulet correspondant plus bas en energie. Si le solvant 
ne peut pas absorber l'energie d'excitation electronique, la molecule ne peut pas retourner 







Recouvrement entre le 
singulet et le triplet 
(conversion intersystemes) 
Phosphorescence 
Figure 14. Succession d'etapes conduisant a la phosphorescence (20). 
Le retour vers l'etat fondamental n'est pas completement interdit. Le couplage spin-orbite 
responsable du croisement intersystemes peut faire en sorte, que la regie de selection peut 
etre transgressee. II est possible que les molecules relaxent faiblement vers l'etat 
fondamental en emettant une radiation. Parce que la transition est faiblement permise, la 
deactivation de l'etat excite peut se poursuivre longtemps apres la formation de l'etat 
excite. L'etat triplet agit comme un reservoir qui laisse s'ecouler l'energie lentement. 
Dans les echantillons solides, la phosphorescence est plus intense car le transfert 
d'energie est moins efficace et le croisement intersystemes a plus de temps pour 
s'accomplir quand l'etat excite passe lentement au point de jonction. 
1.2.3 Durees de vie 
Les constantes de vitesse des processus radiatifs sont quantifiables lorsque le rendement 
quantique (®, l'efficacite a relaxer) et la duree de vie de l'etat singulet (x, le temps de 
residence dans l'etat excite) sont connus. II est possible de mesurer ces deux parametres 
pour la fluorescence (<DF, XF) et la phosphorescence (Op, xp). Le rendement quantique 
mesure le nombre de photons absorbes versus le nombre photons emits pour un etat 
excite. Quand on fait la somme de tous les rendements quantiques radiatifs et non-
radiatifs du singulet et du triplet, le resultat doit dormer 1 comme illustre dans 1' equation 
34 
1.6 ou Z ^ N R est la somme des rendements quantiques pour toutes les transitions non 
radiatives de Si et Ti. La Figure 15 illustre toutes les constantes necessaires aux calculs. 
^+^+E^si [1.6] 
Le rendement quantique de fluorescence est le ratio du nombre de molecules subissant le 
processus par rapport au nombre de photons absorber par le systeme. II est possible de 
calculer le rendement quantique avec le ratio de la vitesse de fluorescence par rapport au 
total des vitesses de deactivation de Petat Si (equation 1.7). L'equation 1.7 permet de 
calculer le rendement quantique de la fluorescence qui peut etre simplifie par la 
multiplication de la constante radiative de fluorescence ICF et de la duree de vie de 
fluorescence TF. 
®F = k +k + k = ^^ [1-71 
II est possible de calculer avec l'equation 1.8, la duree de vie du singulet qui est egale a 
P inverse de toutes les vitesses de deactivation du singulet. 
rF=
 [L81 
kF+ka + kST 
Dans le rendement quantique de phosphorescence, il faut tenir compte du ratio de la 
vitesse de phosphorescence par rapport au total des vitesses de deactivation de Petat TV 
En comparaison a la fluorescence, comme illustre dans l'equation 1.9, il faut aussi 
impliquer le rendement quantique de la transition intersysteme du singulet vers le triplet 
OST qui est, la probabilite de formation de Petat TV 
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kCI = constante de conversion interne 
kST = constante de conversion intersysteme S 
kTS = constante de conversion intersysteme T 
kF = constante radiative de fluorescence 
kP = constante radiative de phosphorescence 
T 
S 
Figure 15. Ensemble des transitions impliquees dans le calcul du rendement 
quantique et de la duree de vie d'emission. 
Op = ®ST x 
#V p I t\"*nc< 
Vlr arp Ix p t p 
[1.9] 
Ou ®ST e s t defini par 1'equation 1.10. 
®sr = 
UST 
kF+kCI + kST 
— fCSTTF [1.10] 
L'equation 1.11 permet de calculer la duree de vie du triplet qui est 1'inverse de la somme 
de toutes les vitesses de deactivation de l'etat triplet. 
1 
*P = 
A/ p I A"T>rr 
[1.11] 
Experimentalement, les valeurs des durees de vie peuvent etre evaluees directement en 
mesurant la decroissance des etats Si et Ti comme une fonction du temps avec un 
systeme de laser nanoseconde a l'azote. Dans le cas des etats triplets, il est aussi possible 
de mesurer la duree de vie avec un appareil de photolyse eclair. Pour les rendements 
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quantiques, on peut les calculer avec un spectrometre UV-visible et un 
spectrophotometre. Avec le spectrometre UV-visible, on peut determiner l'absorbance de 
la bande visee. Par la suite avec le spectrophotometre, le spectre d'emission est mesure et 
la surface sous la courbe est calculee. Avec ces valeurs, on peut calculer le rendement 
quantique en comparant avec les valeurs d'un produit de reference pour qui le rendement 
quantique est connu. 
1.3 Conductivity 
Pour avoir plus de details concernant la section 1.3, voir les references 20, 21. La 
conductivite est une propriete qui permet aux electrons de circuler librement dans un 
materiau. Ces materiaux peuvent etre classes selon trois grandes classes en fonction de 
leur propriete de conductivite: les conducteurs metalliques, les semi-conducteurs et les 
isolants. Les conducteurs metalliques ont une conductivite electrique (a) plus grande que 
10" S/cm et cette conductivite diminue proportionnellement avec 1'augmentation de la 
temperature car les electrons de conduction entrent en collision avec les autres atomes 
dans le materiau qui ont plus d'energie vibrationelle a cause de l'augmentation de la 
temperature (20). Les semi-conducteurs sont definis par leur comportement en fonction 
de la temperature. Quand on trace un graphique du logarithme naturel de la conductivite 
en fonction de 1'inverse de la temperature, la conductivite augmente exponentiellement 
en fonction de la temperature (20). Les isolants eux, ne laissent pas ou peu passer les 
electrons et leur conductivite est plus basse que 10"6 S/cm. La conductivite des semi-
conducteurs se situe g^neralement entre celles des conducteurs et des isolants (10"1 S/cm 
> a > 10" S/cm) d'ou leur appellation semi. 
La conductivite des materiaux conducteurs ou semi-conducteurs depend des 
recouvrements orbitalaires a longues distances de sa HOMO et sa LUMO. C'est la raison 
que ces materiaux sont tres sensibles a la structure. Pour les metaux, le recouvrement est 
possible, car les orbitales d et/ou f vides (LUMO) sont en contact direct avec les orbitales 
pleines (HOMO). Pour les semi-conducteurs comme les complexes organometalliques, 
un empilement de molecules ayant des contacts intermetalliques faibles aura un gap 
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energetique a franchir pour transferer un electron a son voisin (Figure 18). Ces 
empilements se forment souvent lors d'interactions entre des orbitales pleines et vides 
(HOMO et LUMO respectivement). C'est le cas pour le complexe (Pt(CN)42+)n (Figure 
17). 
a) Conducteur metallique b) Semi-conducteur 
Conductivite Ln (Conductivite) 
T 1/T 
Figure 16. (a) Graphique de la conductivite en fonction de la temperature pour 
conducteur metallique, (b) graphique du logarithme naturel de la conductivite en 
fonction de l'inverse de la temperature pour un semi-conducteur. 
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Figure 17. Representation de la formation de la bande de conduction par 
2+x 
recouvrement des orbitales moleculaires du complexe (Pt(CN)4 )„ 
Le gap energetique necessaire pour passer de la bande de valence a la bande de 
conduction est appele l'energie d'activation du semi-conducteur. Quand le gap est trop 
grand, le materiau devient un isolant. Lorsque le nombre d'orbitales en contact augmente, 
le gap energetique va diminuer ce qui entrainera, une augmentation de la conductivite. 
L'ensemble des orbitales vides est appele bande de conduction et l'ensemble des bandes 
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pleines est appele bande de valence (Figure 18). Un hiatus (discontinuite) entre les deux 
bandes est forme pour le semi-conducteur et l'isolant. Quand la temperature est egale a 0 
K, on est en presence d'un isolant, car la bande de valence est pleine et a temperature plus 
elevee que 0 K, les electrons sont dans les niveaux de la bande de conduction et le solide 
devient semi-conducteur (Figure 19). 
Bande de conduction 
•




Figure 18. Representation du gap energetique des materiaux conducteurs, semi-
conducteurs et isolants. 
Une autre methode pour augmenter la conductivite d'un semi-conducteur est d'implanter 
des atomes etrangers dans un materiau pur. II y a deux types de dopants : les dopants de 
type p (Figure 19c) et ceux de type n (Figure 19d). Quand un dopant peut capter des 
electrons, il arrache des electrons dans la couche pleine formant des trous, il permet aux 
electrons de se deplacer. C'est un dopage qui donne une semi-conductivite de type p ou 
« p » indique que les trous sont positifs par rapport aux electrons de la bande. Au 
contraire, quand un dopant donne des electrons, ces derniers sont places dans des bandes 
vides et permettent le deplacement des electrons dans la bande de conduction. Ce dopage 


















Figure 19. Representation d'un semi-conducteur a T = 0 (a) et a T > 0 (b). Dopage 
de type p (c) et de type n (d) (20). 
1.4 Diodes electroluminescentes (DEL) et piles photovoltai'ques (PPV) 
Pour plus de details sur la section 1.4, consulter les references 2, 3, 22 et 23. Un but 
important lors de la conception de polymeres conducteurs et luminescents est de pouvoir 
les utiliser dans une diode electroluminescente (DEL) ou dans une pile photovoltai'que 
(PPV). Les DEL transforment le courant injecte dans la diode en lumiere de differentes 
couleurs. Les avantages de cette technologie sont la faible consommation en courant pour 
avoir la meme lumiere qu'une ampoule normale et le cotit peu eleve (5). Inversement, 
une PPV transforme la lumiere absorbee en courant electrique. 
Pour expliquer les deux dispositifs (DEL et PPV), il faut comprendre le concept d'exciton 
ou le transport de lacunes electroniques (trous) et d'electrons. La Figure 20 represente 
bien le principe d'un exciton. Premierement, l'electron est excite par un photon et un 
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exciton est forme par Pelectron et sa lacune electronique (Figure 20-1). Ensuite, un autre 
electron remplace la lacune electronique et ainsi l'exciton se deplace (Figure 20-2 et -3). 
L'electron revient eventuellement a son etat fondamental et libere son energie sous forme 
d'un photon d'energie differente (Figure 20-4). C'est par ce principe que les electrons et 
les lacunes electroniques sont transports dans les DEL et PPV. 
Figure 20. Representation schematique du processus de transport des trous et des 
electrons (exciton) illustre sur un modele de materiel de semi-conducteur (24). 
La Figure 21 montre un modele de diodes electroluminescentes. La construction de la 
DEL commence par un substrat en vitre sur lequel est depose un mince film semi-
conducteur d'lTO (melange d'oxyde d'indium et d'oxyde d'etain) qui a le role d'anode 
semi-transparente a la lumiere. Deuxiemement, une couche d'injection de lacunes 
electroniques est deposee avant de mettre une couche de molecules organiques qui vont 
emettre des photons. C'est suivit d'une couche de transport des electrons vers la cathode. 
Une couche de metal comme 1'aluminium, le magnesium ou 1' argent est deposee au-
dessus de la DEL. Cette couche a le role de la cathode. Lorsque Ton applique un potentiel 
entre les deux electrodes (anode et cathode), les molecules organiques vont emettre une 
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lumiere qui correspond a leur bande d'emission de fluorescence ou de phosphorescence. 









de trous Lumiere 
2 a 10 V 
Anode 
% en ITO 
Substrat 
en uitre 
Figure 21. Schema d'une diode electroluminescente organique (25). 
Anode Cathode 
Figure 22. Schema d'une pile photovoltai'que (PPV) ou le donneur est un derive d'un 
polyphenylenevinylene et l'accepteur est le fullerene. (h+= hole=trou d'electrons). 
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La Figure 23 illustre les principales reactions qui se produisent dans une DEL et dans une 
PPV. Premierement, les deux dispositifs contiennent, dans la couche d'emetteurs, un 
accepteur et un donneur d'electrons. Ces deux especes sont deux molecules differentes ou 
une seule molecule qui est donneuse et accepteuse (Figure 24 et Figure 25). Pour une 
DEL, quand un courant est applique, il y a reduction de l'accepteur a la cathode devenant 
ainsi l'anion A". A l'anode, il se produit l'oxydation du donneur devenant le cation D+. 
Les deux ions migrent selon le principe de l'exciton (voir ci-dessus) vers 1'autre electrode 
et il y a des contacts entre deux ions pour mener a l'excitation de l'accepteur A* et le 
donneur redevient neutre. Le donneur peut etre excite dans certains cas, mais 
generalement c'est l'accepteur qui joue ce role. II reste le retour de l'accepteur excite vers 
son niveau fondamental ce qui emet un photon. La repetition de ces reactions permet a la 
DEL d'emettre de la lumiere. 
TV^J A = accepteur p p 
vr^L, D = donneur r r 
1) Reduction a la cathode 1) Absorbtion d'un photon 
A + e' ~ A" D + hu - D* 
Oxydation a l'anode
 2 ) D 6 s a c t i v a t i o n e t m i g r a t ion de trous 
D D+ + e"
 D* D+ + e" 
2) Migration et interaction des ions 3) Reduction et transport d'electrons 
A- + D+ - A* + D A + e" A" 
3) Deactivation et emission 4) Oxydation a l'anode 
A* - A + ho A" - A + e' 
Figure 23. Reactions principales qui se produisent dans une DEL et dans une PP ou 
A represents un accepteur et D un donneur. 
Le principe de la PPV est approximativement l'inverse de la DEL (Figure 22 et Figure 
23). Le donneur d'electron D accede a un etat excite D* par l'absorption d'un photon. 
Lors de la deactivation de l'etat excite, le donneur donne un electron vers un accepteur 
A qui est reduit en anion A". Par le principe de l'exciton, les electrons sont deplaces 
jusqu'a l'anode pour l'oxydation de l'anion A" en accepteur A. Quand le donneur est 
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desactivate, il y a formation d'une lacune electronique (un trou) qui se deplace vers la 
cathode ou le donneur est reduit pour revenir neutre. Avec le deplacement des lacunes et 






Figure 24. Schema d'une DEL avec un seul produit (BNPB = Mes2B(p-4,4'-
biphenyl-NPh(l-naphtyl))) qui effectue l'oxydation et la reduction sur la meme 
molecule en plus d'emettre la lumiere (26). 
Une caracteristique importante pour concevoir une DEL ou une PPV est premierement, la 
reversibilite de la molecule en oxydation ou en reduction selon son role decrit ci-dessus. 
Cette reversibilite peut etre mesuree par la voltamperometrie cyclique. Quand le courant 
est applique dans la DEL, si les processus redox ne sont pas reversibles, la molecule va 
done se decomposer au fil du temps. L'efficacite de la DEL va progressivement diminuer 
jusqu'a 1'interruption totale. Deuxiemement, pour les DEL, il faut qu'au moins un des 
produits soit electroluminescent pour pouvoir emettre de la lumiere. Generalement, 
l'accepteur est l'espece luminescente, mais il est aussi possible que le donneur joue ce 
role. Pour que la DEL soit efficace, il faut aussi que le rendement quantique de 
luminescence soit assez eleve. Pour les PPV, il faut que le produit qui absorbe la lumiere 
puisse se desactiver sans produire de luminescence et en liberant un electron ou il faut un 
accepteur pour absorber l'energie. Enfin, les niveaux energetiques des HOMO et LUMO 
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des produits doivent etre assez pres des niveaux energetiques de 1' anode et de la cathode 
respectivement pour qu'il y est une bonne circulation des excitons (Figure 25). 
HOMO 
-4,8 eV 
LUMO I T 0 
Figure 25. Diagramme representant les niveaux energetiques d'une DEL ayant 3 
produits differents (NPB = N,N'-di-l-naphthyle-N,N'-diphenylebenzidine, Alq3 = 
tris(8-hydroxyquino!ato) aluminium) qui permettent une meilleure efficacite du 
transport des excitons (26). 
1.5 Determination de la masse moleculaire 
II y a plusieurs methodes qui permettent de determiner la masse moleculaire d'un 
polymere. Par exemple, il y a la chromatographic par permeation de gel (GPC) et la 
mesure de la pression osmotique. 
La chromatographic par permeation de gel (GPC) est une technique tres utilisee 
puisqu'elle est tres simple et donne de bons resultats. Elle utilise un polymere d'un poids 
moleculaire connu pour creer une courbe de calibration et ensuite le poids des 
echantillons peut etre mesure. La seule restriction est que la methode exige des polymeres 
neutres, car les polymeres charges ont souvent tendance a rester pieges dans les colonnes. 
Nous avons utilise cette methode pour determiner la masse moleculaire de nos polymeres 











La pression osmotique est basee sur le nombre de molecules presentes en solution pour 
nous permettre de determiner la masse mol^culaire moyenne en nombre. Cette technique 
est tres appropriee pour des polymeres ayant des masses superieures a 10 000 g/mol. 
Nous n'avons pas utilise cette methode car nous avions pas des polymeres au dessus de 
10 000 g/mol. 
Pour determiner les masses molaires des polymeres, les techniques de mesures de la 
viscosite intrinseque et de la diffusion de la lumiere vont etre utilisees pour trouver la 
masse molaire moyenne des viscosites et la masse molaire moyenne en poids, 
respectivement pour nos polymeres diisonitriles. La technique Ti/NOE utilisant la 
relation Stokes-Einstein-Debye (SED) va aussi etre utilisee pour determiner la masse 
moyenne en nombre de nos polymeres diisonitriles. Les trois methodes seront expliquees 
dans les prochaines sections. 
1.5.1 Viscosite intrinseque 
La mesure de la viscosite intrinseque est une methode qui determine la masse moleculaire 
moyenne des viscosites des polymeres. La viscosite d'un fluide est causee par les forces 
attractives entre les molecules et ces dernieres s'opposent au mouvement relatif des 
molecules les unes par rapport aux autres. La viscosite d'un solvant va augmenter 
lorsqu'un polymere y est dissous. Ce changement est cause par de nouvelles frontieres 
solides ou le mouvement des molecules de solvant entraine un travail supplemental. La 
temperature, le solvant, la polarite et l'enchevetrement entre les chaines sont des facteurs 
qui affectent la viscosite d'une solution. C'est une methode non absolue, car il faut 
effectuer un etalonnage contrairement aux methodes comme la diffusion de la lumiere et 
la pression osmotique. 
La methode experimentale pour determiner la masse molaire moyenne va etre expliquee 
en details dans les prochains paragraphes. En premier lieu, pour trouver la valeur de 
viscosite intrinseque, la valeur de la viscosite specifique (r\sp) de la solution de polymeres 
doit etre determinee avec 1'equation 1.12 : 
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ou r\ est la viscosite de la solution de polymeres, rji est la viscosite du solvant et r|rei est la 
viscosite relative (r|/r|i). La valeur de viscosite specifique nous permet de trouver la 
viscosite intrinseque par extrapolation a l'origine de la droite de la viscosite reduite (r)red) 
en fonction de la concentration des solutions de polymeres (Figure 26). La viscosite 
reduite est obtenue par Pequation 1.13 ou C est la concentration de la solution de 
polymeres. 
nsp 
Tired = " 7 7 [1.13] 
C'est avec Pequation 1.14 qu'il est possible de trouver la viscosite intrinseque ([r|]) : 
[1.14] \r\\ = lim{r\red) = lim 
c->o ,rea c->o 
f
r}-r\x^ 
V Vic J 
La viscosite intrinseque mesure la perturbation due a la presence d'une seule 
macromolecule dans le solvant, soit la viscosite de la solution a rinfinie. Elle est 
caracteristique d'un polymere donne et reliee directement a la masse du polymere. On 
peut constater dans la Figure 26, la relation entre la concentration et la viscosite reduite 
est lineaire. Les mesures de viscosite intrinseque peuvent etre reliees a la masse 
moleculaire moyenne d'un polymere lineaire avec Pequation de Mark-Houwink : 
[7]] = kMa [1'15] 
ou k et a sont des constantes pour un polymere donne qui peuvent etre determinees en 
effectuant un etalonnage avec des echantillons du polymere ou les masses sont connues. 
II faut premierement, calculer la viscosite intrinseque pour chaque masse differente pour 
faire un graphique du In [n] en fonction de In M ou M est la masse moleculaire du 
polymere. Les deux constantes k et a peuvent done etre calculees. La constante a varie 
entre 0,5 pour un solvant 0 et 0,8 pour un bon solvant. En presence d'un bon solvant, la 
viscosite augmente comme la constante a. Un solvant 0 est un solvant qui a 
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approximativement les memes interactions polymere-solvant et solvant-solvant et le 


















0,1 0,2 0,3 0,4 
Concentration (g/ml) 
Figure 26. La dependance de la concentration en fonction de la viscosite pour un 
polymere de polystyrene dans le toluene a 30°C (27). 
Dans un polymere polydisperse, la masse moleculaire obtenue avec les valeurs de 
viscosite intrinseque est une valeur moyenne definie comme la masse moyenne des 
viscosites Mv des chaines de differentes longueurs. 
Generalement, la masse moyenne en nombre est plus petite que la masse moyenne de 
viscosite qui est plus petite que la masse moyenne en poids. On peut inserer la masse 
moyenne des viscosites entre les deux masses moyennes dans la Figure 4. La viscosite 
d'un liquide ou d'une solution est reliee a la vitesse d'ecoulement a travers un tube 
capillaire par gravite. L'utilisation d'un viscosimetre de Ubbelohde a servi a determiner 
une masse moleculaire approximative des oligomeres etudies en solution. Le viscosimetre 
utilise est illustre dans la Figure 27. 
48 
Ouverture pour faire 
monter la solution 
par le capillaire 
Ligne de depart pour 
l'ecoulement 
Ligne de fin pour 
l'ecoulement 
Capillaire pour 
l'ecoulement de la 
solution de polymeres 
Tube pour remplir le 
viscosimetre de 
solution de polymeres 
Tube pour retablir la 
pression atmospherique 
Reservoir pour la 
solution de polymeres 
Figure 27. Description d'un viscosimetre d'Ubbelohde. 
1.5.2 Diffusion de la lumiere 
Quand un faisceau de lumiere rencontre des particules, il peut y avoir des rayonnements 
diffractes dans plusieurs directions (Figure 28). La diffraction par des particules de 
diametres beaucoup plus petits que la longueur d'onde incidente est appelee diffusion de 
Rayleigh. La diffusion de la lumiere peut se faire dans toutes les directions et l'intensite 
de la lumiere diffusee est reliee a differents facteurs. Premierement, l'intensite est 
proportionnelle a 1/A,4. 
Ir I0 = intensite du faisceau de lumiere incident 
I = intensite du faisceau de lumiere transmis 
Id = intensite de lumiere diffusee 
0 = angle de detection 
Figure 28. Representation des differents faisceaux lumineux lors de la diffusion de la 
lumiere sur une particule. 
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Deuxiemement, l'intensite depend de la difference entre l'indice de refraction du solvant 
(ni) et a celui du polymere (n2). Troisiemement, l'intensite est liee a la masse moleculaire 
et a la forme du polymere. Si la masse augmente, la diffusion augmente aussi. II est 
possible de caracteriser la lumiere diffusee par deux parametres : la turbidite et le rapport 
de Rayleigh. La turbidite est calculee par l'equation 1.16 ou I est l'intensite du faisceau 
transmis, Io est l'intensite du faisceau incident et A, la longueur optique. 
( i \ 




Le rapport Rayleigh (R) relie l'intensite de la lumiere incidente avec celle de la lumiere 
diffusee a Tangle 0 par l'equation 1.17 ou r est la distance d'observation. 
I r2 
R _
 1d,er [1.17] 
1.5.2.1 Diffusion de la lumiere pour une petite molecule 
Quand la molecule est beaucoup plus petite que la longueur d'onde incidente (taille de la 
molecule < X/20), la molecule devient une source lumineuse qui est une source diffusante 
unique. La courbe de distribution de l'intensite de la lumiere diffusee est symetrique 
demontre dans la Figure 29. C'est avec les mesures de la turbidite ou le rapport Rayleigh 
que la masse moleculaire est determinee selon les equations 1.18 et 1.19 ou C est la 
concentration de la solution, M la masse moleculaire et A2 le 2e coefficient de viriel. 
Les constantes H et K sont definies par les Equations 1.20 et 1.21 ou ni est l'indice de 
refraction, No le nombre d'Avogadro, X la longueur d'onde et (dn/dc) la variation de 
l'indice de refraction en fonction de la variation de la concentration. L'indice de 
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Figure 29. Courbe de distribution de l'intensite de la lumiere diffusee pour une 
molecule beaucoup plus petite que la longueur d'onde incidente (13). 
CxH 1 
AT M 
+ 2A2C + ... ou ^ ~ T solution ^ solvent I1 '18] 
CxK 1 
A^0 M 
+ 2A£ + . OU ^ ^ 9 0 ^9Q,solution ^90,solvant [1.19] 
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La plupart du temps il suffit de faire la mesure a un seul angle d'observation (90°) en 
fonction de la concentration et la courbe obtenue permet d'obtenir la masse moleculaire 
et le 2e coefficient de viriel A2 illustre dans la Figure 30. Cette methode est valide pour un 
faisceau incident polarise verticalement et elle est utilisee pour des polymeres de masses 





( \ CxK 




Figure 30. Graphique permettant de determiner la masse molaire et le 2e coefficient 
de viriel. 
Pour un polymere polydisperse, il est possible de faire le meme raisonnement en partant 
de l'equation 1.22 qui donne l'equation 1.23 : 
KxC 1 
[1.23] Urn = 
et avec [1.24] 
ou Q est la concentration de l'espece ayant une masse molaire de Mi. On peut affirmer 
que le changement de rapport de Rayleigh (AR90) est forme par la contribution de toutes 
les especes par l'equation 1.25 : 
^ = 1 ^ = ^ ^ , [1.25] 
En tenant compte de la definition de la masse molaire moyenne en poids (equation 1.2), il 
est possible de trouver l'equation 1.26 et 1.27. 






Avec cette demonstration, il est clair que la masse moyenne mesuree par la diffusion de 
la lumiere est celle en poids. II est possible de faire la meme demarche avec la turbidite et 
arriver a la meme conclusion. 
1.5.2.2 Diffusion de la lumiere pour une grande molecule 
Quand a la dimension de la molecule est dans le meme ordre de grandeur que le faisceau 
incident, la molecule n'est plus une source diffusante unique. La diffraction peut se faire 
a plusieurs endroits sur la molecule ce qui produit des interferences entre les rayons. 
L'intensite de la diffusion diminue et n'est plus identique a celle d'une petite molecule 
(Figure 31). II faut utiliser un facteur de correction pour l'intensite perdue a cause des 
interferences. Ce facteur est appele facteur de diffusion (Pe) et il est defini par l'equation 
1.28 ou le est l'intensite de la lumiere diffusee et Ie=o est l'intensite de la lumiere diffusee 





Le facteur de diffusion est determine par la forme et la dimension de la molecule. II est 
possible d'obtenir Ale sans interference en divisant la lumiere diffusee par le facteur de 
diffusion selon l'equation 1.29. Dans ce cas, le rapport de Rayleigh peut etre divise par le 
facteur de correction selon l'equation 1.30. 
90?80? 6 0 ? 
Figure 31. Courbe de distribution de l'intensite de la lumiere diffusee pour une 
grande molecule (13). 
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A / = e>°bse™ [1.29] 
Pe 
_AR, 
AR„ = " g 'o f a g m ? [1.30] 
Avec ce facteur de correction, l'equation 1.19 devient l'equation 1.31 pour Tangle de 90° 




 +2A2C + ... [i.3i] 
A^o Mw 
KCPe{\ + cos26) 1 _ , _ 
Si Pe est connu, un seul angle d'observation peut etre utilise comme la diffusion d'une 
petite molecule (voir Figure 30). Par contre, quand le facteur de diffusion n'est pas 
connu, on doit utiliser la methode du diagramme de Zimm (Figure 32). La methode 
consiste a mesurer ARe a plusieurs angles 0 pour tous les solution de concentration 
differente. Avec le diagramme de Zimm, il est possible de determiner la masse moyenne 
en poids qui correspond a 1'interception commune a l'origine des deux lignes extrapolees 
(Figure 32). De plus, la pente de la ligne extrapolee a 6 = 0 permet de trouver le 
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i i i 
100C + sin2(G/2) 
Figure 32. Exemple d'un diagramme de Zimm permettant de trouver la masse 
moyenne en poids et le deuxieme coefficient de viriel. 
1.5.3 Analyse RMN Ti/NOE 
Les references 27 a 45 contiennent des informations plus detaillees sur la methode 
employee. C'est juste depuis Parrivee des methodes utilisant la transformation de 
Fourrier en RMN que l'interet envers la mesure et la comprehension des phenomenes de 
relaxation de spins nucleaires ne cesse d'augmenter. On peut acquerir plusieurs 
informations concernant la structure chimique et moleculaire avec cette mesure; ce qui 
est difficile ou impossible a obtenir au moyen d'autres techniques d'analyses. La 
prochaine section permet de mieux comprendre la technique de determination de la masse 
moleculaire a l'aide des temps de relaxation de spins nucleaires. 
1.5.3.1 Description du temps de relaxation spin-reseau (Ti) et du temps de 
relaxation spin-spin (T2) 
II y a deux mecanismes par lesquels peuvent survenir la relaxation des spins nucleaires. 
Les mecanismes ont leur propre processus de relaxation: la relaxation spin-reseau et la 
relaxation spin-spin. II existe une constante temps qui definie l'efficacite pour chaque 
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processus, le Ti pour la relaxation spin-reseau et le T2 pour la relaxation spin-spin. Pour 
calculer la masse moleculaire des polymeres on utilise seulement la valeur de Ti et c'est 
pour cette raison, que T2 va etre explique que brievement dans ce memoire. La methode 
va etre expliquee avec le phosphore 31 comme sonde sur les polymeres. 
II faut revenir sur certains concepts de base de la RMN pour comprendre les deux 
mecanismes. Quand un echantillon ayant un spin nucleaire de n/2 est introduit dans un 
champ magnetique (dans un appareil RMN), deux niveaux d'energie distincts sont crees 
ou l'ecart est proportionnel au champ magnetique (Bo) du RMN. La population des spins 
nucleaire appele distribution de population de Boltzmann, est repartit inegalement sur les 
deux niveaux d'energie, tel que represente dans la Figure 33. Si une radiation 
electromagnetique de frequence communement appelee un pulse, est envoyee sur le 
systeme a l'equilibre, certains spins nucleaires sur le niveau a vont absorber de Penergie 
et vont subir une transition vers le niveau superieur (3. Le champ magnetique utilise pour 
le pulse (Hi) est orthogonal au champ magnetique Ho. La distribution de Boltzmann va 
done etre desequilibree. Les spins vont alors se mettre a revenir a leur position 
d'equilibre, ce qui est appele la relaxation. Les spins devront se departir du surplus 
d'energie emmagasine pour pouvoir relaxer et ils pourront le faire par deux procedes, Ti 
et T2. Les spins nucleaires peuvent se departir de leur energie emmagasinee en procedant 
a un echange thermique avec le milieu environnement que Ton appelle reseau. Cette 
relaxation est appelee spin-reseau (Ti). Ce temps de relaxation est relativement long, car 
le reseau et les spins ne sont pas en contact direct, les interactions mutuelles sont faibles. 
Du cote de la relaxation spin-spin, le transfert d'energie se fait entre les spins de noyaux 
voisins. L'energie sera done transferee a un noyau du meme isotope par un echange 
mutuel des etats de spins, appele spin-flip et illustre a la figure 34. 
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Figure 33. Representation de la distribution de Boltzmann pour un systeme de spins 
nucleaires lA apres application d'un champ magnetique H0. 
+ 4 Relaxation spin-spin IP! ' I Transfert d'energie 
Noyau A Noyau B Noyau A Noyau B 
Figure 34. Schema representant le transfert d'energie entre deux spins nucleaires Vi 
lors de la relaxation spin-spin. 
Lorsqu'il y a application d'un pulse, plusieurs spins sont amenes a subir une transition 
entre deux niveaux energetiques. Si on analyse le phenomene en terme d'aimantation 
nucleaire, Mo represente 1'aimantation nucleaire a l'equilibre. Un systeme est a l'equilibre 
quand Mo est egal a Mz. C'est lorsque l'aimantation nucleaire est parallele a l'axe des z 
ou encore a Ho. Apres un pulse de 90° (%I2), 1'aimantation nucleaire (M) pourra etre 
distribuee en trois composantes : 
• Mx = 0 
• My = M0 sin (90°) = M0 
• Mz = M0 cos (90°) = 0 
La relaxation du systeme commence alors pour retourner aux conditions d'equilibre. 
Cette relaxation se produit selon les deux principes de spin-reseau et spin-spin tel 
qu'illustre dans la Figure 35. La relaxation Ti se produit selon l'axe des z parallele a Ho 
et est appelee relaxation longitudinale. A temperature ambiante, la relaxation des petites 
molecules se fait de facon logarithmique jusqu'a la valeur de 5xTi pour que 99% de la 
population soit de retour a la position d'equilibre. Cette relaxation logarithmique est 
57 
illustree dans la Figure 36. La relaxation T2 se fait dans le plan XY jusqu'a l'equilibre 
(Mx = My = 0). 
1.5.3.2 Conditions requises pour la relaxation 
II y a des conditions pour que les procedes decrient precedemment, puissent intervenir. II 
doit y avoir la presence d'un champ magnetique local (HLOC) sur le site du noyau etudie. 
La frequence de ce champ (variable dans le temps) doit etre egale a la frequence de 
resonance (frequence de Larmor) du noyau vise par la relaxation. La relaxation est 
possible si ces deux conditions sont remplies. L'equation 1.33 represente les differentes 
variations que Ton peut retrouver a Pinterieur du champ magnetique local en terme de 
densite spectrale J(coo) qui est la transformation de Fourier de la fonction d'auto-
correlation de l'aimantation nucleaire. 
% ) = < ^ ( 0 ) > - A T [j.33, 
l + fi)„Tc 
Dans l'equation 1.33, ©0 est la frequence de Larmor, xc est le temps de correlation. Les 
sources de champs magnetiques locaux les plus frequentes dans les fluides proviennent 
des dipoles electriques et nucleaires, des quadrupoles electriques, de l'anisotropie 
provenant des tenseurs d'ecrans chimiques, des modulations de couplages scalaires et de 
la rotation des molecules (spin rotation). 
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Relaxation T t 
dans le plan YZ 
(longitudinale) 
Relaxation T2 ^ 
dans le plan XY 
(transversale) 
Figure 35. Representation schematique de la relaxation spin-reseau (Ti) et spin-spin 
(T2) en terme d'aimantation nucleaire. 
1.5.3.3 La relation entre les temps de relaxation Ti et T2 et le temps de correlation xc 
Utilisant l'equation 1.33, on peut etablir un lien entre les temps de relaxation et les termes 
de frequence et de temps de correlation. Done, J(a>o) est responsable de la relaxation spin-
reseau et est proportionnelle a 1/Ti, ce qui permet d'etablir la dependance de Ti avec xc. 
II y a deux possibilites, la premiere survient lorsque ©0 xc « 1. Dans cette region, les 
mouvements moleculaires sont rapides et le nombre de collisions entre les molecules est 
done eleve. C'est la region de retrecissement extreme (extreme narrowing limit) et J(©o) 
est directement proportionnelle a TC, done Ti sera directement proportionnel a 1/TC. La 
deuxieme possibilite est lorsque (OO2TC2 » 1. Dans cette region les molecules bougent 
lentement et cette region est appelee region de retrecissement non-extreme. J(coo) sera 
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alors proportionnelle a l/xc, done Ti sera directement proportionnel a tc. La Figure 37 
represente la relation de Ti en fonction de xc et des deux regions expliquees ci-dessus. II 
est possible de constater que la courbe passe par un minimum lorsque QQ TC = 1 . 
Tj 2xT! 3xT! 4xT t 5xT{ t e m P s Cs) 
Figure 36. Courbe exponentielle de la relaxation spin-reseau (Ti) (31). 
Le temps de correlation est une constante qui determine la rapidite que met une molecule 
a subir une reorientation en solution ou le temps de residence d'une molecule dans la 
meme position. Cette definition implique que le temps de correlation est directement 
proportionnel a la dimension de la molecule. Ceci veut dire que plus la molecule est 
grosse, plus elle reste longtemps a la meme position. Generalement, le temps de 
correlation varie entre 10~13 et 10"9 secondes dans la region de retrecissement extreme et 
peut atteindre 10"5 secondes dans la region de retrecissement non-extreme. Environ 90 % 
des molecules se retrouvent dans la region de retrecissement extreme et seulement les 
grosses molecules telles que les biomolecules et les macromolecules sont dans la region 
de retrecissement non-extreme. 
1.5.3.4 Le temps de relaxation spin-reseau (Ti) 
La relaxation spin reseau est le processus par lequel le systeme de spins se departira du 
surplus d'energie en la transmettant au reseau. La constante de temps Ti determine 




GVTc2 = 1 
Figure 37. Courbe de Ti en fonction de xc (45). 
1.5.3.4.1 Les differents mecanismes de relaxation 
Plusieurs mecanismes peuvent contribuer a la relaxation spin-reseau. Voici la liste des 
principaux mecanismes associes avec leur temps de relaxation respectif: 
Dipole-dipole 
Deplacement chimique anisotrope 
Quadrupolaire 










T PARA l l 
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Le Ti est egale a la somme de l'inverse de toutes ces composantes. L'equation 1.34 
illustre bien cette relation. 
J_-JL _L_ l _L J_ _L l 
rp ~ rpDD + rpCSA rpQUAD rpSR rpSC rpCE rpPARA ^ ' ^ 
Selon la structure de la molecule et le noyau vise par la caracterisation, certains 
mecanismes pourraient ne pas intervenir done ne pas avoir de contribution a la relaxation 
spin-reseau. Dans cette etude, le mecanisme dipole-dipole est important dans la relaxation 
spin-reseau et e'est pour cette raison, que e'est seulement ce mecanisme qui va etre 
explique en details. Pour avoir plus de details sur les autres mecanismes, voir la reference 
45. 
1.5.3.4.2 Relaxation due a 1'interaction dipole-dipole 
La presence d'un champ magnetique local oscillant a la frequence de Larmor du noyau 
est essentielle pour que la relaxation du meme noyau se produise. Quand la relaxation due 
a 1'interaction dipole-dipole, ces champs sont generes par les dipoles magnetiques entre 
deux noyaux ayant des spins Vz directement relies entre eux ou tres pres dans l'espace. 
L'equation 1.35 demontre la dependance du champ magnetique avec le moment 
magnetique dipolaire (|j,i) du noyau (i), la distance separant les deux noyaux (ry) et 
1'orientation dans l'espace entre le moment dipolaire entre i et j et le champ magnetique 
de l'appareil (Ho) puisque 0y est Tangle entre ry et Ho. 
3>cos20u - 1 ri ^ 
n
 LOC —A*/ 3 
r~ 
V 
Apres des operations mathematiques demontrees dans la reference 44, l'equation 1.35 
devient l'equation 1.36, l'equation generale pour la region du retrecissement extreme 
(coo ic « 1). Ou h est la constante de Planck, YH est le rapport gyromagnetique de 
l'hydrogene (26.752 x 10 T" s"), yp est le rapport gyromagnetique du phosphore (10.840 
7 1 1 
x 10 T" s" ) et rpH est la distance entre le noyau de phosphore et le proton. 
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1 *-2 2 2 
rjiDD 6 C 
PH 
Quand il y a plus qu'un proton sur l'atome de phosphore ou plus d'un proton se trouvant 
pres de l'atome de phosphore dans le reseau, l'equation 1.36 devient la somme des 
interactions tel qu'illustre dans l'equation 1.37. 
— — - = \ fHitP
 [ 1 3 7 ] 
rpDD L^i 6 C l J 
1l i=l rPH 
On peut constater avec les equations ci-dessus que TiDD est independant au terme de 
frequence (co) done du champ magnetique de l'appareil Ho car ©o = Y Ho. 
L'effet Overhauser nucleaire (nOe) est une consequence directe de la relaxation dipolaire. 
L'equation 1.38 met en relation 1'amplitude maximale en intensite du 31P proportionnelle 
au ratio des constantes gyromagnetiques du proton sur celle du phosphore. 
NOE = l + ^ - = l + n [1.381 
2YP 
Le ratio YH/2YP represente par la variable r\, est egal a 1.23 lorsque le mecanisme de 
relaxation est dipolaire a 100 % et que Ton se trouve dans la region de retrecissement 
extreme. Le maximum possible pour le gain maximum en intensite du 31P dans un tel cas 
est un facteur 2.23. S'il y a d'autres contributions, il faut determiner la valeur 
experimentale de r\ afin de determiner la contribution dipolaire au Ti a l'aide de 
l'equation 1.39 ou TiEXP est la valeur experimentale de Ti, r\ est la valeur experimentale 
YH/2YP et r|max est egale a 1.23 dans la region de retrecissement extreme. 
1 77 1 
X 
iDD „ rrEXP 
1 /max 1 l J 
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La methode experimentale pour determiner la valeur de rj est decrite dans la section 
1.5.3.5.2. 
1.5.3.4.3 Determination de TiDD a l'aide de la mesure de l'effet nucleaire Overhauser 
(NOE) 
Dans une molecule lorsque des atomes de phosphores sont couples directement ou 
indirectement a des protons, la presence de la relaxation dipole-dipole est tres probable. 
On peut le confirmer en mesurant l'effet NOE tel que decrit precedemment. Si aucun 
effet NOE n'est observe, c'est que le mecanisme de relaxation dipole-dipole est absent. 
Par contre, la relaxation est 100 % dipolaire lorsque le r\ est egale a r|max dans l'equation 
1.39. Le ratio r|/r|max permet ainsi de determiner la contribution de mecanisme dipolaire 
au Ti total. 
1.5.3.4.4 Determination du temps de correlationxc 
Le temps de correlation est obtenu directement a partir du TiDD. Ce dernier est determine 
avec des mesures de NOE et avec l'equation 1.39. II est important de connaitre dans 
quelle region la molecule se trouve, car la courbe Ti en fonction de xc et ainsi, il y a deux 
valeurs de xc pour chacune des valeurs de 1Y Les molecules etudiees dans la premiere 
publication se retrouve dans la zone de retrecissement extreme, ce qui dit que Ton doit 
utiliser l'equation 1.37 pour calculer le temps de correlation. 
1.5.3.4.5 Determination du volume d'une molecule 
Quand le temps de correlation est connu, on peut utiliser la relation Stoke-Einstein-Debye 
(SED) definie par l'equation 1.40 pour determiner le volume d'une molecule. 
Vn 
t — : ivi5c [i.40] 
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Dans cette equation, V represente le volume, r|ViSc la viscosite de la solution, ke la 
constante de Boltzmann et T la temperature en Kelvin. Cette relation est applicable 
seulement pour les molecules spheriques. Pour des molecules de type batonnet, comme 
dans la premiere publication, la determination du volume par la relation SED est une 
approximation. La valeur obtenue de xc est une moyenne, car une molecule de type 
batonnet peut se reorienter selon toutes les directions possibles. La reorientation d'une 
molecule spherique est isotrope et conduit a une seule valeur de xc. Ainsi, la relation SED 
est plus realiste pour de petits de polymeres que pour de longs polymeres rigides. 
1.5.3.4.6 Determination de la masse moleculaire 
En utilisant Pequation SED, le volume du polymere est connu. Pour determiner la masse 
moleculaire, il faut diviser le volume du polymere par le volume d'une unite repetitive 
pour obtenir le nombre d'unites dans le polymere. C'est ici que la synthese de composes 
modeles (monomeres) devient essentielle pour evaluer la masse molaire du polymere. 
Apres que les composes modeles soient synthetises, il faut determiner leurs valeurs de Ti 
et de rj. Les distances entre le phosphore (sonde) et les protons environnants (TPH) 
peuvent etre determinees avec les structures cristallographiques. L'equation 1.41 est 
obtenue en combinant les equations 1.37, 1.39 et 1.40 et elle permet d'obtenir le ratio du 
volume du polymere par rapport au volume du compose modele. 
V(pofy) _ Tl(mono)m ij(pofy) 2 1;' FPH (pwno) 
V(mono) Tx{poly) Jj(morio) ^1/f"pH(pofy) 
Les valeurs de Ti et de r| sont connues dans Pequation 1.41 et comme Penvironnement 
des monomeres et des polymeres est le meme, le terme (El/rpn6 (mono))/ (El/rpn6 (poly)) 
devient egale a Punite. Ensuite, le volume d'une unite repetitive et le volume d'une unite 
du polymere sont evalues par des calculs en phase gazeuse des composes modeles et des 
polymeres. Ce sont des calculs de type PC-Model au niveau MMX. Les calculs sont faits 
en phase gazeuse car dans PC-Model, on n'inclu pas les molecules de solvant. C'est avec 
Pequation 1.42 .ou le ratio des volumes experimentaux est connu, que Pon determine le 
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nombre d'unites dans le polymere. Le ratio des volumes calcules est done un facteur de 
correction pour ajuster le ratio des volumes experimentaux. 
"poly ~ • "~~ ~ liAl\ 
Vggpiinono) VCALC(mofio) 
Ensuite, avec le nombre d'unites du polymere, on peut obtenir la masse moleculaire en 
multipliant le nombre d'unites par la masse moleculaire d'un motif de base. Une 
description plus detaillee se trouve dans les references 31, 32 et 33. 
1.5.3.5 Methodes experimentales 
Cette section permet de comprendre comment les valeurs de Ti et de NOE seront 
determinees. Le principe pour trouver les parametres de relaxation consiste a appliquer 
une perturbation qui est generalement une radiation electromagnetique (pulse), a un 
systeme a l'equilibre et observer le retour a l'equilibre de l'aimantation nucleaire du 
systeme, de ce fait Mz pour TV 
1.5.3.5.1 Mesures de Ti 
II y a plusieurs manieres pour determiner la valeur de Ti, mais seule la technique utilisee 
sera expliquee dans cette section. La methode utilisee est appelee «inversion recovery» et 
consiste en une sequence de pulses enumeree ci-dessous. 
• Pulse de 180° 
• XD = temps variable 
• Pulse de 90° 
• FID (Free Induction Decay) 
• t = temps pour retour a l'equilibre 
Premierement, un champ magnetique de radio-frequence Hi (1) provoque la rotation de 
Mz de 180°. Ceci veut dire qu'il se produit une inversion de la population de spins 
nucleaires. Deuxiemement, un temps variable est impose (5) avant de provoquer un pulse 
d'une rotation de 90° de l'aimantation nucleaire dans le plan XY (6). Ceci est quand les 
informations necessaires sont acquises pour produire le spectre RMN qui est la mesure du 
FID (4). II y a un temps de relaxation pour permettre le retour a l'equilibre des spins 
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nucleaires (2). La valeur de t est importante pour l'obtention d'une valeur de Ti precise. 
Le retour a l'equilibre doit etre atteint avant qu'une nouvelle sequence soit commencee. II 
faut que la valeur de t soit au minimum cinq fois la valeur de Ti pour que 99 % de la 
population soit revenu a l'equilibre. La sequence de pulses est repetee n fois en utilisant 
differentes valeurs de ID et permet l'obtention de plusieurs intensites de pics. La Figure 
38 presente d'une facon schematique, la sequence des pulses utilisee pour determiner le 
Ti. 
Quand la serie de pulses est terminee, tous les FID accumules sont transformes en spectre 
RMN en utilisant la transformation de Fourrier. Le traitement donne une serie de spectres 
communement appeles « stacked plot », illustre dans la Figure 39. Chaque spectre 
correspond a une valeur de TD et la coupe d'un pic est representee dans la Figure 40. 
L'intensite du signal d'un pic precis en fonction du TD peut etre negative, nulle ou 
positive tout dependant de quel cote de l'axe des Y se trouve l'aimantation nucleaire. La 
Figure 41 montre le graphique qui est produit par Pappareil pour trouver le TV Ce 
graphique illustre une facon de voir le phenomene de la Figure 40 et permet de mieux 




1 - 2exp -T 
^ 
D 
V Tx j 
[1.43] 
Dans l'equation 1.43, Mz est l'aimantation nucleaire selon l'axe des z tandis que Mo 
represente la valeur a l'equilibre de l'aimantation nucleaire. Le Ti est determine avec 
cette equation pour un carbone choisi correspondant a un pic de la Figure 39. Dans ce 
memoire, les valeurs de Ti sont calculees par le systeme d'exploitation du spectrometre 
RMN. Les details experimentaux sont donnes dans la premiere publication. Pour obtenir 
une description detaillee, consultez les references 29, 32, 44. 
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1.5.3.5.2 Mesures de NOE 
Quand on veut mesurer la valeur experimental de n, on doit comparer un spectre obtenu 
sous irradiation continue du proton et un spectre avec irradiation des protons uniquement 
pendant 1'acquisition des signaux de precession libre. On doit utiliser une reference qui 
n'a pas d'effet NOE qui va ainsi permettre de comparer les signaux dans les deux 
spectres. La reference utilisee dans la publication est le PBrs. La valeur de r\ est la 
difference entre les deux signaux 13C ou 31P (selon la sonde choisie) avec et sans 
decouplage des protons. Plus r| est similaire au ratio maximal, plus TiDD est important. La 
Figure 42 montre les deux sequences d'acquisition des spectres avec et sans decouplage 
des protons. La figure 43 illustre le tube utilise pour faire les experiences qui empeche le 
contact de l'echantillon et de la reference. Les details experimentaux sont donnes dans la 
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Figure 39. Superposition des spectres RMN 13C d'une meme experience Ti avec 
differentes valeurs de TD (« stacked plot») (30). 
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Figure 40. Intensite en fonction du temps d'un pic de la Figure 39 (vue de cote) (44). 
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Tl = Integrate de l'echantillon avec NOE - Integrate de l'echantillon sans NOE 
Tl = 0,90 - 0,55 = 0,45 
Figure 42. Exemples de spectres RMN 31P avec et sans NOE ainsi que les sequences 
d' acquisitions respectives et le calcul de r|. 
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Reference (PBr5 dans 
d3-ACN) 
Echantillon 
Figure 43. Tube RMN pour la prise de spectres avec une reference a Pinterieur. 
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CHAPITRE 2 
Synthese et caracterisation des composes modeles et des polymeres 
contenant le fragment [Pt2(dppm)2] , [Pd2(dppm)2] et des ligands 
diisonitriles 
2.1 Avant-propos 
Ce papier a ete un effort de plusieurs personnes. II faut premierement souligner le 
Professeur Pierre Harvey qui a concu le projet et a dessine une strategic pour le projet. II 
nous a tous guide dans le cheminement de ce travail qui a pris pres d'un an a completer. 
Je dois ensuite noter l'apport de Daniel Fortin qui, lui aussi, nous guide dans les strategies 
a employer ainsi que pour son travail sur la cristallographie et de modelisation de nos 
molecules. Le projet a ete divise en deux parties majeures. La premiere est la synthese 
des composes modeles et polymeres de platine. La deuxieme est la synthese des 
composes modeles et polymeres de palladium. 
La premiere partie, soit la synthese des composes modeles et polymeres de platine a ete 
effectuee par Jean-Francois Berube. II a fait la caracterisation de toutes les molecules 
qu'il a synthetiser. II a aussi fait les mesures de diffusion de la lumiere sur tous les 
produits incluant les composes de palladium. II a aussi fait des mesures de Ti/NOE sur 
les composes de platine. II a aussi effectue les mesures de luminescence et de durees de 
vie sur les composes de platines. 
La deuxieme partie, soit la synthese des composes modeles et polymeres de palladium a 
ete effectue par moi-meme. J'ai aussi fait la caracterisation de toutes les molecules que 
j 'a i synthetiser. J'ai fait les mesures de viscosite intrinseque sur tous les produits incluant 
les composes de platine. J'ai fait les mesures de Ti/NOE sur les composes de palladium. 
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J'ai aussi effectue les mesures de luminescence et de durees de vie sur les composes de 
palladium. II faut aussi souligner le travail de Frederic Brisach pour son aide avec les 
mesures de luminescence et de durees de vie. 
Le cristallographe de l'Universite du Nouveau-Brunswick, Andreas Decken, a aussi 
contribue en faisant la resolution d'une molecule pour nous. 
Cette experience m'a permis d'apprendre beaucoup sur le travail a accomplir quand on 
veut publier notre travail. Voici la publication qui a ete publier dans le journal Inorganic 
Chemistry. J.-F. BERUBE, K. GAGNON, D. FORTIN, A. DECKEN et P.D. HARVEY, 
Inorg. Chem., 45, 7, 2812 (2006). 
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2.2 Solution and Solid State Properties of Luminescent M-M Bond-
Containing Coordination/Organometallic Polymers Using the RNC-
M2(dppm)2-CNR Building Blocks (M = Pd, Pt; R = aryl, alkyl) 
Jean-Francois Berube,la Karl Gagnon,la and Daniel Fortin,1 
Andreas Decken,lb Pierre D. Harveyla* 
Contribution from the Departement de chimie, Universite de Sherbrooke, Sherbrooke, 
PQ, Canada J1K 2R1, and from the Department of Chemistry, University of New 
Brunswick, Fredericton, NB, Canada E3B 6E2. 
*To whom correspondence should be addressed. 
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Abstract: Two families of organometallic polymers built upon the bimetallic 
M2(dppm)2L22+ fragments (M = Pd, Pt; dppm = bis(diphenylphosphino)methane, L = 1,4-
diisocyano-2,3,5,6-tetramethylbenzene (diiso), 1,8-diisocyano-p-menthane (dmb), 1-
isocyano-2,6-dimethylbenzene, l-isocyano-4-isopropylbenzene and terr-butylisocyanide 
1 ^ 1 
were synthesized and fully characterized ( H and P NMR, X-ray crystallography (model 
compounds), IR, Raman, chem. anal., TGA, DSC, powder XRD, 31P NMR Ti and NOE, 
light scattering, conductivity measurements). Evidence for polymers in the solid state is 
provided from the swelling of the polymers upon dissolution and the formation of stand 
alone films. However, these species become small oligomers when dissolved. The 
materials are luminescent in the solid state at 298 and 77 K, and in PrCN solution at 77 
K. These emissions arise from triplet 3(dada*) states despite the presence of low-lying n-
7i* MO levels according to DFT calculations for the aryl isocyanide model compounds. 
The emission band maxima are located between 640 and 750 nm and exhibit lifetimes of 
3 to 6 ns for the Pd species and 3 to 4 JJ,S for the Pt analogues in PrCN solution at 77 K. 




The design of organometallic and coordination polymers where the metallic 
fragment is incorporated in the backbone has become a field of growing interest in recent 
years. Among these new materials, the Pd- and Pt-isocyanide-containing oligomers and 
polymers form an interesting family of conjugated compounds, investigated for their 
optical, luminescence, and conductivity properties.21 Well characterized examples of 
incorporations of M-M bonds in the backbone of organometallic/coordination polymers 
are relatively rare,3'4 and most of them are non-conjugated. The incorporation of Pt-Pt 
bonds in isocyanide-containing polymers was first introduced by Puddephatt and 
coworkers using bridging "ONArN=C" ligands where Ar = P-C6H4, p-C6H2-2,6-Me2, p-
CeMe4 and p-C6H4-2,6-ffiu2.5 Based on IR spectroscopic data (v(N=C)) for free and 
coordinated ligands, these materials were described as large polymers. Except for XPS 
data, no further analysis was provided. Our group has also recently reported several series 
of Pd-Pd and Pt-Pt bond-containing coordination/organometallic polymers using di-
(Pd2(dmb)22+ and (diphos)Pd-Pd(diphos)2+; diphos = Ph2P(CH2)nPPh2, n = 2 - 6) and 
tetranuclear building blocks (M4(dmb)42+; Chart 1). These materials did not exhibit n-
delocalization between the M-M fragments.6 The aryl diisocyanide-containing polymers 
show interesting promise for new materials with respect to "electronic communication" 
along the polymer backbone. A detailed investigation now appears in order to address the 
structural, physical, electronic, and photophysical properties of these materials in solution 
and in the solid state. 
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1
 Ph2P (CH2)m 
i2+i 
- N = C — P d Pd Pd Pd-2. iy 
9 
n 
- N N {[Pd2(PPh2(CH2)mPPh2)2(dmb)]^}n; m = 2, 3 {[Pd4(dmb)4(dmb)]2+}n I I 
Chart 1 
We now wish to report the syntheses of conjugated rigid-rod and non-conjugated 
flexible polymers and corresponding model compounds bearing the d9-d9 M2(dppm)22+ 
fragments (M = Pd, Pt; Chart 2, the counter-ion is BF4" in all cases). These d9-d9 
M2(dppm)2 were selected because the M-M-bonded units are easily characterized from 
a spectroscopic stand point (NMR, IR, UV-vis). Any perturbation, such as band shifts 
would easily be interpretable. In addition, the presence of 7i-delocalization between the 
M2(dppm)2 fragments is better addressed using the comparison between aryl- and alkyl-
diisocyanide assembling ligands. These new materials are thoroughly characterized using 
techniques such as TGA, DSC, XRD, and light scattering measurements. The effects of 
conjugation, chain flexibility, and of the metal are examined, along with their electronic 
and photophysical properties, in solution and in the solid state at 298 and 77 K. During 
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the course of this investigation, the X-ray structures of Ml, M3 and M4 have been 
determined. 
* A _ P h 2 i i P h 2 / 
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Materials. Pd2(dppm)2Cl2,7 Pt2(dppm)2Cl2,7 [Pd2(dppm)2(NCCH3)2](PF6)2,8 
[Pt2(dppm)2(NCCH3)2](PF6)2,8 [Pt2(dppm)2(2,5-CNC6Me2H3)2](BF4)2,5 l-isocyano-2,5-
dimethylbenzene, 4-diisocyano-2,3,5,6-tetramethylbenzene,9 1,8-diisocyano-p-
menthane, l-isocyano-2,6-dimethylbenzene9 and l-isocyano-4-isopropylbenzene9 were 
prepared according to standard procedures. The following materials were purchased from 
commercial suppliers: dppm (Aldrich), Bu-t-NC (Aldrich), PdCl2 (Pressure Chemical), 
K2PtCU (Strem), acetone (Fisher); acetonitrile, petroleum ether and dichloromethane 
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(ACP), ethanol (Les alcools de commerce inc.), and PrCN (Aldrich); dinitrogen and 
argon (Praxair). All solvents were dried and distilled prior to use. For acetonitrile and 
PrCN, the emission spectra for these solvents were verified prior to use. No or weak 
emissions were detected and were easily subtracted from the emission of the samples 
when necessary. Unless otherwise stated, all materials were handled under Ar or N2 using 
standard Schlenk techniques, high-vacuum manifolds, and an inert-atmosphere glove 
box. The elemental analyses were performed at the Universite de Montreal and the 
presence of water was confirmed by H NMR and IR spectroscopy in all cases. 
[Pd2(dppm)2(CN-t-Bu)2](BF4)2 (Ml). Pd2(dppm)2Cl2 (0.205 g, 0.195 mmol) and NaBF4 
(0.471 g, 4.29 mmol) were placed under nitrogen in a Schlenk flask. Water (30 mL), 
followed by dichloromethane (30 mL), was added to the flask. A solution (3.59 mL) of 
tert-butyl isocyanide (0.390 mmol) in acetonitrile was added dropwise to the solution. 
The reaction was stirred at 298 K overnight. The organic layer was washed with water 
(3x20 mL), dried with MgS04, filtered, and concentrated to 15 mL under vacuum. 
Diethyl ether (250 mL) was added to the solution; an orange precipitate appeared and was 
filtered. The solid was dried under vacuum for 24 h. (0.183g, Yield: 82 %).!H NMR 
(CD2C12): 5 7.53-7.30 (m, 40H, Ph), 4.65 (q, 4H, PCH2P, 2JH.p= 4.9 Hz, 4JH-p= 4.7 Hz), 
0.73 (s, 18H, C(CH3)3). 31P NMR (CD2C12): 5 -1.2. IR (KBr) : v 2187 cm"1 (ON) . Anal. 
Calcd for Pd2C6oH62B2F8N2P4'0.9 H20 (1321.492): C, 53.87; H, 4.81; N, 2.09. Found: C, 
53.85; H, 4.81; N, 2.19. MALDI-TOF (mass m/z): 1266.7 (MI-C4H9), 1094.7 (Ml-
2(C4H9)-BF4-CN), 979.8 (M1-2(C4H9)-2(BF4)-2(CN)). 
{[Pd2(dppm)2(dmb)](BF4)2}„ (PI). PI was synthesized from Pd2(dppm)2Cl2 (0.242 g, 
0.230 mmol), NaBF4 (0.505 g, 4.60 mmol), and the ligand dmb (0.0438 g, 0.230 mmol) 
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according to the procedure described above. The dmb was added dropwise to the solution 
with 2-3 mL of dichloromethane. An orange precipitate appeared was filtered, washed 
with water (3x10 mL), filtered again, dissolved in CH3CN, and precipitated with 450 mL 
of diethyl ether. (0.240g, Yield: 77 %). lR NMR (CD3CN): 5 7.65-7.15 (m, 40H, Ph), 
4.65 (m, 4H, PCH2P), 0.40 between 0.88 and 0.07 (m, 18H, dmb). 31P NMR (CD3CN): 5 
0.7. IR(KBr): v 2178 cm-1 (ON). Anal. Calcd for Pd2C62H62B2F8N2P4*0.3 H20 
(1345.513): C, 55.12; H, 4.67; N, 2.07. Found: C, 55.15; H, 4.50; N, 2.33. MALDI-TOF 
(mass m/z): 1258.7 (PI- BF4), 1169.7 (PI- 2(BF4)), 980.9 (Pl-2(BF4)-dmb). 
[Pd2(dppm)2(CN-xylyI)2](BF4)2 (M2). M2 was synthesized from Pd2(dppm)2Cl2 (0.302 
g, 0.287 mmol), NaBF4 (0.630 g, 5.73 mmol), and the ligand l-isocyano-2,6-
dimethylbenzene (0.0833 g, 0.573 mmol) according to the procedure described for Ml. 
l-isocyano-2,6-dimethylbenzene was added dropwise to the solution with 2-3 mL of 
dichloromethane. Yellow product (0.371g, Yield: 89 %)}u NMR 5 (CD2C12): 7.50-7.15 
(m, 40H, Ph); 7.15-7.00 (t, 2H, CHpara-Xyl, 3JH-H= 7.5 Hz); 6.95-6.80 (d, 4H, CHmeta-Xyl, 
3JH-H= 7.6 Hz); 4.83 (s, 4H, PCH2P); 1.71 (s, 12H, CH3) ppm. 31P NMR 5 (CD2C12): -1.5 
ppm. IR (KBr): v 2168 cm-1 (ON). Anal. Calcd for Pd2C68H66B2F8N2P4«1.8 H20 
(1421.61): C, 56.17; H, 4.82; N, 1.93. Found: C, 56.20; H, 4.63; N, 2.29. 
{[Pd2(dppm)2(CNC6(CH3)4NC)](BF4)2}„ (P2). P2 was synthesized from Pd2(dppm)2Cl2 
(0.395 g, 0.375 mmol), NaBF4 (0.906 g, 8.26 mmol), and the ligand 1,4-diisocyano-
2,3,5,6-tetramethylbenzene (0.692 g, 0.375 mmol) according to the procedure described 
for PI. Orange product (0.453g, Yield: 90 %). *H NMR (CD3CN): 5 7.44-7.21 (m, 40H, 
Ph); 4.90 (s, 4H, PCH2P); 1.42 (s, 12H, CH3). 31P NMR (CD3CN): 8 1.4. IR(KBr) : v 
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2167 cm"1 (ON) . Anal. Calcd for Pd2C62H56B2F8N2P4*l.l H20 (1339.46): C, 54.78; H, 
4.32; N, 2.06. Found: C, 54.75; H, 4.48; N, 2.09. MALDI-TOF (mass m/z): 1094.7 (P2-
BF4-C10H12CN), 980.9 (P2-2(BF4)-CNGi0H12CN). 
[Pt2(dppm)2(CN-t-Bu)2](BF4)2 (M3). M3 was synthesized from Pt2(dppm)2Cl2 (0.270 g, 
0.220 mmol), NaBF4 (0.482g, 4.39 mmol) according to the procedure described for Ml . 
A solution of t-BuNC in acetonitrile (4.04 mL, 0.439 mmol) was added dropwise to the 
solution. Beige-yellow product (0.264g, Yield: 80 %). !H NMR (CD3CN): 8 7.57-7.50 
(m, 8H, Ph); 7.39-7.30 (m, 32H, Ph); 5.15 (t of pseudo quint., 4H, PCH2P, 2JH.p= 4.9 Hz, 
4JH.P= 4.7 Hz, 3JH-pt= 29.4 Hz); 0.60 (s, 18H, C(CH3)3). 31P NMR (CD3CN): 8 -1.5 (s + d 
(195Pt; 33.8%), ^ p t ^ 2546 Hz). IR (KBr): v 2187 cm"1 (ON). Raman: v2192 (ON), 
177 (PtP), 137 (PtPt, shoulder) cm"1. Anal. Calcd for Pt2C6oH62B2F8N2P4»0.7 H20 
(1498.808): C, 47.68; H, 4.23; N, 1.85. Found: C, 47.66; H, 4.22; N, 2.17. MALDI-TOF 
(mass m/z): 1410.8 (M3 - BF4), 1239.9 (M3 - 2BF4 - CN-t-Bu). 
{[Pt2(dppm)2(dmb)](BF4)2}n (P3). P3 was synthesized from Pt2(dppm)2Cl2 (0.202g, 
0.164 mmol), NaBF4 (0.360 g, 3.22 mmol), and dmb (0.0312 g, 0.164 mmol) according 
to the procedure described for PI. Orange product (0.184g, Yield: 73 %). !H NMR 
(CD3CN): 8 7.65-7.05 (m, 40H, Ph); 5.08 (m, 4H, PCH2P); 0.0 between 0.65 and -0.65 
(m, 18H, dmb). 31P NMR (CD3CN): 8 1.45 (m + d (195Pt; 33.8%) of m, l3Pt.P= 2580 Hz). 
IR (KBr): v 2181 cm-1 (ON) . Raman: v 2183 (ON) , 177 (PtP), 137 (PtPt, shoulder) cm-
\ Anal. Calcd for Pt2C62H62B2F8N2P4«3.6 H20 (1522.829): C, 46.90; H, 4.39; N, 1.76. 
Found: C, 46.90; H, 4.20; N, 1.76. MALDI-TOF (mass m/z): 1347.9 (P3 - 2BF4), 1157.0 
(P3 - 2BF4 - dmb). 
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[Pt2(dppm)2(CN-C9Hii)2](BF4)2 (M4). M4 was synthesized from Pt2(dppm)2Cl2 
(0.728g, 0.592 mmol), NaBF4 (1.30 g, 11.8 mmol), and l-isocyano-4-isopropylbenzene 
(0.171 g, 1.18 mmol) according to the procedure described for Ml . l-isocyano-4-
isopropylbenzene was added dropwise to the solution with 2-3 mL of dichloromethane. 
Orange product (0.614g, Yield: 64 %). 2H NMR (CD3CN): 8 7.54-7.30 (m, 40H, Ph); 
6.95 (d, 4H, (CHmeta)-CNC6H4, JH-H= 8.4 Hz); 6.00 (d, 4H, (CHortho)-CNC6H4, JH-H= 8.2 
Hz); 5.27 (t of pseudo quint., 4H, PCH2P, 2JH.P= 4.8 Hz, 4JH.p= 4.7 Hz, 3JH.Pt= 29.0 Hz); 
2.77 (sept, 2H, CH(CH3)2, JH-H= 6.9 Hz), 1.10 (d, 12H, CH(CH3)2, JH-H= 6.9 Hz). 31P 
NMR (CD3CN): 5 -1.5 (s + d (195Pt; 33.8%), %.?= 2471 Hz). IR (KBr) : v 2163 cm"1 
(ON). Raman: v 2172 (ON), 177 (PtP), 133 (PtPt, shoulder) cm"1. Anal. Calcd for 
Pt2C7oH66B2F8N2P4'1.3 H20 (1622.947): C, 51.07; H, 4.20; N, 1.70. Found: C, 51.06; H, 
4.10; N, 1.67. MALDI-TOF (mass m/z): 1534.8 (M4 - BF4), 1301.9 (M4 - 2BF4 - CN-
C9H11). 
{[Pt2(dppm)2(CN-CioH12-NC)](BF4)2}n (P4). P4 was synthesized from Pt2(dppm)2Cl2 
(0.53lg, 0.432 mmol), NaBF4 (0.949 g, 8.64 mmol), and l,4-diisocyano-2,3,5,6-
tetramethylbenzene (0.0796 g, 0.432 mmol) according to the procedure described for PI. 
Dark orange product (0.504g, Yield: 77 %). 1HNMR (CD3CN): 8 7.55-7.05 (m, 40H, 
Ph); 5.31 (m, 4H, PCH2P); 1.33 (s, 12H, CH3). 31P NMR (CD3CN): 8 1.6 (s + d (195Pt; 
33.8%), 1JPt.p= 2508 Hz). IR: v 2148 cm"1 (ON) . Raman: v 2165 (ON), 177 (PtP), 134 
(PtPt, shoulder) cm"1. Anal. Calcd for Pt2C62H56B2F8N2P4-2.6 H20 (1516.782): C, 47.63; 
H, 3.95; N, 1.79. Found: C, 47.60; H, 3.73; N, 1.92. MALDI-TOF (mass m/z) : 1340.9 
(P4 - 2BF4), 1157.0 (P4 - 2BF4 - CN-CioH12-NC). 
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Apparatus. All NMR spectra were acquired with a Bruker AC-300 spectrometer ('H 
300.15 MHz, 13C 75.48 MHz, 31P 121.50 MHz) using the solvent as chemical shift 
standard, except in P NMR, where the chemical shirts are relative to D3PO4 85% in 
D2O. AH chemical shifts (8) are given in ppm. The IR spectra were acquired on a Bomem 
FT-IR MB series spectrometer equipped with a baseline-diffused reflectance. FT-Raman 
spectra were acquired on a Bruker RFS 100/S spectrometer. The UV-visible spectra were 
measured on a HP 8452A diode array spectrophotometer. The emission lifetimes were 
measured with a nanosecond N2 laser system from PTI model GL-3300 pumping a dye 
laser model GL-302. The pulse width was 2 ns, and the lower limit for the measurements 
was approximately 150 ps after deconvolution. The excitation wavelength was 325-385 
nm, as close as possible to the da—>do* absorption. The continuous wave emission 
spectra were also measured on a SPEX Fluorolog II. The glass transition temperature (Tg) 
was determined using a Perkin-Elmer 5A DSC7 equipped with a thermal controller 5B 
TAC 7/DS. Calibration standards were water and indium. The accuracy was ±0.1 °C and 
±0.1 % for ACp. The sample weights ranged from 5 to 10 mg, and the scan rate was 
adjusted to 10 °/min. XRD data were acquired on a Rigaku/USA Inc X-ray powder 
diffractometer with a copper lamp operating under a 30 mA current and a 40 KV tension. 
TGA were acquired on a TGA 7 of Perkin Elmer between 50 and 950 °C at 3 °/min under 
a nitrogen atmosphere. The pictures of the X-ray powder diffraction were obtained at 293 
K on an Enraf Nonius CAD-4 automatic diffractometer and on a Hitachi S4700 
spectrometer operating at a voltage of 15kV, with a working distance (WD) 12 mm, 
magnification of 500X, and an acquisition time of 300 s. The EI mass spectra were 
obtained on a VG Micromass Zab-IF spectrometer. The data analyses were performed 
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using a homemade program written in GW BASIC, computing all mathematically 
possible solutions for each fragment mass. Only the chemically meaningful solutions 
were retained using a window of ± 2 g. 
Spin-lattice relaxation times (Ti) and nuclear Overhauser enhancement (NOE). The 
Ti's were measured by inversion recovery pulse technique. The measurements were 
performed on a Bruker AC-F 300 NMR spectrometer operating at 121.50 MHz for 31P. 
The temperature was 293K and the sampling was done over a 20,000Hz sweep width 
using 8192 data points to describe the FID. The solutions were saturated in all cases in 
order to improve the signal-to-noise ratio. The uncertainties are ± 0.05 s based on 
multiple measurements (at least 3). The NOE constants were measured using the inverse-
gated method. Based on reproducibility of the measurements, the accuracy of the method 
is estimated to ± 10 %. The internal standard (PBrs) was inside a sealed capillary tube to 
avoid contact with the samples. 
Light scattering. The dn/dc (n = refractive index; c = concentration) for P1-P4, 
necessary for the Mw measurements, were obtained using an OPTILAB DSP 
interferometric refractometer. The polymer concentrations were 0.2, 0.4, 0.6, and 0.8 
mg/ml in HPLC grade acetonitrile, and the solutions were filtered using 0.02 jam 
Millipore filters for PI and P3, and 0.2 um for P2 and P4, prior to measurements. The Mw 
were measured using a Dawn Ose instrument from Wyatt Technology. The apparatus was 
stabilized 12 h prior to each measurement. The light source was a GaAs solid-state laser 
irradiating at 690 nm where no absorption was possible. 
88 
Intrinsic viscosity. The intrinsic viscosity measurements were performed using a A 508 
CANNON viscosimeter. This instrument was verified against the universal standard 
polymethyl methacrylate from Aldrich (Mn = 12,000, 15,000, 120,000, and 320,000). The 
measurements were reproduced 5 times for greater accuracy. The results were compared 
to the known oligomer {[Ag(dmb)2]BF4}„ (Mn = 4000).10 
Computer modeling. The calculations of the space filling models were performed using 
the commercially available PC-model from Serena Software (version 7.0), which uses the 
MMX empirical model. No constraint on bond distances and angles was applied to insure 
that deviations from normal geometry are depicted. The R-N=C groups were replaced by 
R-C=C" because PC Model does not model C=N+- fragments properly, resulting in 
strongly bent structures. Instead -C=C- is used, securing a more linear and realistic frame 
for the ligand. This method is qualitative. 
Theoretical Computations. The Density Functional Theory (DFT) calculations were 
performed using the commercially available Gaussian 98 software and a Pentium 4 
computer (1.6G). The computations for geometry optimization and frontier molecular 
orbitals were performed at the RB3LYP level (Becke's three parameter hybrid 
functional using the LYP (Lee-Yang-Parr) correlation functional ). The basic set for 
the polarization and diffuse function was the 3-21G* set.14 In order to save computation 
time, dppm was replaced by the PH2CH2PH2 bridging ligand. 
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Conductivity measurements. The conductivity measurements were performed on a 
homemade four-point probe apparatus designed according to S. M. Sze.15 The samples 
were pressed pellets with a surface area of 1.13 cm2. The potentials were measured with a 
standard Keithley 177 microvolt DMM voltmeter, and the applied current was generated 
with a TRYGON model HH32-1.5 Systron-Donner Corp. source operating at 1.5 A 
between 0 and 32 V. The precision was ± 1%. 
X-ray structures. The general procedure for data collection and analyses are available in 
the Supporting Information.16"21 
[Pd2(dppm)2(CN-tBu)2](BF4)2 (Ml): The crystal was grown by vapor diffusion of 
ethylacetate/acetonitrile at room temperature. The reflections were acquired at 198(2) K. 
Two standard reflections were measured every 100 reflections, and no significant 
intensity decay was observed during data collection. The non-hydrogen atoms were 
refined anisotropically. The hydrogen atoms were placed at idealized calculated 
geometric position and refined isotropically using a riding model. Disorder was found on 
the BF4 anion sites, and the bond distances were fixed to the ideal values and equal 
thermal values (EADP) were used for refinement. 
[Pt2(dppm)2(CNC6H4-iPr)2](BF4)2 (M4): The crystal was grown by vapor diffusion of 
ethylmethylketone/t-butylmethylether at room temperature. Single crystals were coated 
with Paratone-N oil, mounted using a glass fibre and frozen in the cold nitrogen stream of 
the goniometer. All non-hydrogen atoms were refined anisotropically. Hydrogen atoms 
were included in calculated positions and refined using a riding model. 
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[Pt2(dppm)2(CN-tBu)2](BF4)2 (M3): The crystal was grown by vapor diffusion using 
ethanol/hexane at room temperature. One single crystal was mounted using a glass fiber 
on the goniometer. Data were collected at 293(2) K. Two standard reflections were 
measured every 100 reflections, no significant intensity decay was observed during data 
collection. The non-hydrogen atoms were refined anisotropically. The hydrogen atoms 
were placed at idealized calculated geometric position and refined isotropically using a 
riding model. The absolute structure was refined using TWIN22 to deal with the 
anomalous dispersion effects. The final refined BASF factor found was 0.24 indicating a 
major component being assigned to the actual space group. Instead the structure should 
have been inverted, giving a BASF of 0.76. Disorder was found on the BF4 anion sites, 
the bond distances were fixed to the ideal values and equal thermal values (EADP) were 
used for refinement. Idealized phenyl rings and similar thermal and bond restraints 
(SIMU, DELU) were also used to refine the phenyl groups. The N=C and C-C bonds (C-
CH3) were also fixed to ideal values prior to refinement. 
Results and discussion 
I. Syntheses and characterization of the model compounds. The compounds were 
synthesized as shown in Scheme 1 via a substitution reaction of the chloride by the 
isocyanide ligand accompanied by the dissolution of NaCl in the aqueous phase. The 
model compounds exhibit mass spectra in which peaks for the complete salt formula was 
never observed, indicating the relative fragility of the compounds. No signal indicating 
the presence of Cl-containing fragments (easily recognizable by the isotopic distribution) 
91 
was observed, suggesting a quantitative substitution. Concurrently, electron diffraction 
scattering (EDS) measurements did not exhibit peaks associated with the presence of CI. 
The inequality between the IR and Raman spectroscopic data of the v(C=N) 
modes (M3: IR 2187, Raman 2192; M4: IR 2163, Raman 2172 cm"1) is indicative of a 
center of inversion within the Pt2(dppm)2 fragment. The presence of the M-M bonds in 
the model compounds is demonstrated in two ways. First, the v(PtPt) modes are observed 
at 137 and 133 cm'1 for M3 and M4, respectively, compared to 150 cm"1 for 
Pt2(dppm)2Cl2. The difference between the frequencies is due to a predictable mass 
effect where the isocyanide ligand is heavier than the CI atom.24 Second, the typical 
dada* band associated with the M2 chromophore is observed for all model compounds 
(described further below). 
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Scheme 1 
The X-ray diffraction data for Ml, M3 and M4 were obtained and confirmed their 
proposed structures (Figs. 1-3; Table 1). 
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Table 1. Crystal data. 
Empirical formula 
Formula weight 









Calcd. dens. (Mg/m3) 
Scan mode 
F(000) 





















3.94 to 69.96 
0 < h < 1 5 
0 < k < 24 



















3.90 to 70.00 
0 < h < 1 5 
0 < k < 24 



















1.54 to 25.00 
-25 < h < 26 
-19<k<18 




Min./Max. trans, ratio 0.9895 and 0.8105 0.2608 and 0.0912 0.529 
Data/restrs./ params. 6358 / 8 / 644 
Goodness-of-fit on F2 0.980 
Final R indices Rl = 0.0686 
[I>2cr(I)] wR2 = 0.1762 
R indices (all data) Rl = 0.1087 
wR2 = 0.2017 
Largest diff. peak 0.710 
and hole (e. A 3) -0.865 
6835/420/629 
1.083 
Rl = 0.0595 
wR2 = 0.1635 
Rl = 0.0799 





Rl = 0.0263 
wR2 = 0.0650 
Rl = 0.0334 
wR2 = 0.0682 
0.895 
-0.451 
4-i\l/2 R l = Z I I F0 I - I Fc | | / £ IF0 I; wR2 = (E[w(F02-Fc2)2]/Z[F04]) 
Based on the Cambridge Crystallographic Data Base, crystallographically authenticated 
d9-d9 Pd2 and Pt2 complexes containing 2 axially substituted aryl or alkyl isocyanide 
ligands are rare (9 examples only),25 but only two of them involves the M2(dppm)22+ 
fragment. One example is compound M5 as depicted in Chart 3 25a 
Ph2P PPh2 X 










Figure 1. ORTEP representation of Ml . The ellipsoids are shown at 30% and the H-
atoms, and counter anions are not shown for clarity. Selected Bond Lengths : Pd(l)-Pd(2) 
= 2.6186(12), P(6)-Pd(l) = 2.312(4), P(4)-Pd(l) = 2.311(4), P(5)-Pd(2) = 2.296(4), P(3)-
Pd(2) = 2.272(4), C(57)-Pd(2) = 1.989(15), C(51)-Pd(l) = 2.011(13), C(51)-N(52) = 
1.117(15), C(51)-N(52) = 1.117(15). Selected Angles : N(52)-C(51)-Pd(l) = 175.0(12), 
N(58)-C(57)-Pd(2) = 165.5(14), C(51)-Pd(l)-Pd(2) = 177.0(4), C(57)-Pd(2)-Pd(l) = 
170.8(5), P(4)-Pd(l)-P(6) = 173.55(13), P(3)-Pd(2)-P(5) = 169.16(13). 
Figure 2. ORTEP representation of M3. The ellipsoids are shown at 30% and the H-
atoms, and counter anions are not shown for clarity. Selected Bond Lengths : Pt(l)-Pt(2) 
= 2.6355(8), P(4)-Pt(l) = 2.306(4), P(3)-Pt(2) = 2.276(4), P(2)-Pt(2) = 2.276(4), P(l)-
Pt(l) = 2.298(4), C(57)-Pt(l) = 2.011(13), C(51)-Pt(2) = 1.946(17), C(51)-N(52) = 
1.185(16), C(57)-N(58) = 1.131(14). Selected Angles : N(52)-C(51)-Pt(2) = 163(2), 
N(58)-C(57)-Pt(l) = 177.9(16), N(58)-C(57)-Pt(l) = 177.9(16), C(57)-Pt(l)-Pt(2) = 
177.2(4), P(l)-Pt(l)-P(4) = 174.46(14), P(3)-Pt(2)-P(2) = 170.97(15). 
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Figure 3. ORTEP representation of M4. The ellipsoids are shown at 30% and the H-
atoms, and counter anions are not shown for clarity. Selected Bond Lengths : Pt(l)-Pt(2) 
= 2.6453(3), Pt(2)-P(4) = 2.3056(19), Pt(l)-P(3) = 2.2835(16), Pt(l)-P(l) = 2.2906(17), 
Pt(2)-P(2) = 2.3108(15), Pt(l)-C(51) = 1.991(7), Pt(2)-C(61) = 1.989(7), C(51)-N(l) = 
1.133(8), C(61)-N(2) = 1.151(9). Selected Angles : N(l)-C(51)-Pt(l) = 176.5(6), N(2)-
C(61)-Pt(2) = 175.4(9), C(51)-Pt(l)-Pt(2) 
On the other hand, X-ray structures involving the M2(dppm)2L22+ fragments, where L is 
anything but an isocyanide ligand, are more frequent in the literature.26 The X-ray 
structures for Ml , M3 and M4 exhibit bond lengths and angles that are consistent with 
respect to literature.25'26 The average dihedral PMMP angles are 41.2, 40.9 and 41.5° for 
Ml , M3 and M4, respectively, which is typical for the M2(dppm)22+ skeleton. M4 
exhibits 2 crystallographically independent molecules but the bond distances and angles 
do not significantly differ from each other. 
M5 was obtained from the reaction between Pd2(dppm)2Cl2 and l-isocyano-2,6-
dimethylbenzene,25a but a C-H bond activation occurred. In this work, M2 was 
successfully prepared and used as a model compound. On the other hand, the 1-isocyano-
4-isopropylbenzene isocyanide used for the synthesis of the corresponding Pt analogue 
model complex failed to provide pure samples. Due to this failure, this ligand was not 
investigated further. For the Pt analogue (M4), since crystals suitable for X-ray analysis 
were obtained M4 was therefore treated as a model compound. 
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/ / Polymers, a) Syntheses and Characterization. The syntheses of PI to P4 (Scheme 2) 
were carried out, as described for the model compounds, to generate orange materials all 
exhibiting a single IR absorption associated with coordinated isocyanides. 
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This single IR absorption is "suggestive" of a long polymer chain where a band at 2131 
cm"1 (uncoordinated N=C group) is not observed. This observation is obviously 
qualitative and so, NMR was used to address this (!H NMR integration for the PCH2P 
(4H) signal vs dmb (18H) or CeMe4 (12H)). After synthesizing the polymers, the 
polymers were dissolved in CD3CN and the 'H NMR spectra were measured. Based on 
the integrations, the following ratios were obtained: ratio M2(dppm)22+/bridging ligand: 
PI 1:0.99, P2 1:0.97, P3 1:1.00, P4 1:0.99. The precision of the method depends on the 
precision of the integration. For example, the "worse" ratio (1:0.97), with PCH2P (4H) = 
4.00, dmb (18H) = 17.66. For comparison purposes, the ratios of Ml to M4 of 
M2(dppm)2 versus CNR are Ml 1:1.89, M2 1:2.08, M3 1:2.01, M4 1:2.00. Additional 
convincing proof for the formation of polymers is found in the behavior of the polymer 
during dissolution in acetonitrile. The polymers tend to swell or render the solution 
viscous prior to complete dissolution (pictures of P4 are provided in the Supporting 
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Information), and make stand-alone films. Smaller sized oligomers do not exhibit these 
properties. The vibrational activity of the v(N=C) modes (P3: IR 2173; Raman 2183; P4: 
IR 2148, Raman 2165 cm"1) also indicates the presence of a local center of symmetry at 
the M2-bonded fragment. The v(M2) vibrations (137 for P3 and 134 cm"1 for P4) and the 
A,(da—nla*) bands (detail provided below) are observed proving that the M-M bond 
remains intact. The absence of peaks attributable to oligomers or polymers in the 
MALDI-TOF spectra indicates the fragility of the polymers. 
b) Properties in the solid state. All polymers are semi-crystalline where two broad peaks 
characterize the powder diffraction films (XRD). A strong and broad diffraction peak at 
29 ~ 8.5° and a weaker and broad one at ~21° are observed; indicating the presence of a 
somewhat organized structure. On the other hand, the model compounds are crystalline. 
The semi-crystalline properties for PI to P4 contrasts with the completely amorphous 
polymers {Pd2(dmb)2(u-diphos)2+}n (diphos = PPh2(CH2)mPPh2; m = 4-6; Chart l)6a 
where only a large band at approximately 20°C is observed. The flexibility of the 
P(CH2)mP chain in the latter polymers may induce structural disorder. 
Not surprisingly, the DSC traces indicate no Tg for PI - P4 between -30 °C and 
decomposition temperature (PI 135°C, P2 225°C, P3 140°C, P4 270°C). This result is 
consistent with the lack of Tg for the "more flexible" {Pd2(dmb)2(diphos)2+}„ (diphos = 
Ph2P(CH2)mPPh2; m = 4-6) and {Pd2(diphos,)2(dmb)2+}„ (diphos'= Ph2P(CH2)mPPh2; m = 
2, 3; Chart 1) polymers.6b The lack of Tg may be associated with a limited motion of the 
polymer chain due to the size of the M2(dppm)22+ fragment, the rigidity of the chain for 
the aryl diisocyanide, and the limitation in motion in the dmb ligand. 
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The thermal stability of the materials (M1-M4 and P1-P4) was analyzed by TGA 
(Supporting Information) and the key features are listed below. The weight losses are 
sharp and the traces versus temperature exhibit plateaus. The full analysis was based 
upon a comparison with the M2(dppm)2Cl2 complexes where there are no CNR groups. 
The analyses show that the loss of BF4 and isocyanides, or decomposition of isocyanides, 
9+ 
occur at lower temperatures with respect to the more robust M2(dppm)2 fragments. In 
fact, losses of phenyl groups must occur to account for the weight losses at higher 
temperatures. In addition, the weight losses for Pt species occur at higher temperatures 
than for the Pd analogues, which is consistent with the stronger Pt-L bond. Moreover, the 
alkyl isocyanide complexes and polymers are more temperature sensitive than the aryl 
analogues, consistent with favorable Tt-delocalization between the aryl group and the 
metal atom. P4 turns out to be particularly robust being thermally stable up to 300 °C. 
The P1-P4 solids are electrically insulating with resistivities exceeding 
Q 1 
10 Q.cm" . Doping the solids with I2 (1 % in weight) did not decrease the resistivity, but 
rather changed the color of the materials, presumably via an oxidative addition to the M-
M bond. 
c) Properties in solution. The Mn values were estimated by the Ti/NOE method which 
was fully described elsewhere10 and applied several times by this group.63'27 A brief 
outline of the method is provided below. 
The size of a molecule can be obtained from the Stokes-Einstein-Debye equation, 
assuming a spherical shape, if the correlation time, xc, is known (xc = Vr|visC/kT; r|viSC = 
solvent viscosity; k = Boltzmann constant; T = temperature). In order to measure xc, one 
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must know the spin-lattice relaxation time related to dipole-dipole interactions, Ti , 
which is given by equation 5: 
l/T1DD = E(h2Y2pY2H/47r4r6PH)Tc (5) 
in the extreme narrowing limit, where h is the Planck constant, y is the gyromagnetic 
ratio for the interacting nuclei (31P and *H in this case),29 and r is the distance between the 
probe (here 1P) and the nearest interacting nuclei (here 1H). The Ti D data (here at 
300MHz ]H) can be extracted from experimental Ti and NOE measurements (Nuclear 
Overhauser Effect), according to equation 6: 
1/T!DD = r\/(r\matTl) (6) 
where r\ = the fractional NOE constant, r|max = the maximum r\ value in the extreme 
narrowing limit (here X]mS3i = YH / 2yp), and Ti is the experimental spin-lattice relaxation 
time. The strategy is to compare the hydrodynamic volume of a known compound 
(ideally characterized from crystallography) to that of the unknown ones. One parameter 
that must be taken into account is that the standard molecule must be closely related to 
the sample molecule, not only in terms of structure, but also in terms of charge due to 
solute-solvent interactions. In this work, the probe nuclei are the 31P atoms because any 
tumbling of the molecule in solution is felt by these nuclei without major interference 
from unrelated motions, such as phenyl and methyl group rotations. By combining 
equations 5 and 6 to the Stokes-Einstein-Debye equation, one obtains: 
Tj(sam) ripH(sam) V(sta) £ l/r6PH(sta) 
— • • 
T](sta) r|pH(sta) V(sam) 2 1/r PH(sam) rj\ 
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where "sam" and "sta" stand for sample and standard, respectively. This equation 
requires the knowledge of the interatomic distances between the P probe nucleus and 
the surrounding JH nuclei. The standard molecules are Ml to M4 for PI to P4, 
respectively. The greatest magnetic interactions between the P and H atoms are the 
P'"H2C and P'"H(ortho-Ph) which exhibit the shortest distances based on average values 
extracted from X-ray and computer modeling (Chart 4). As the contribution to Ti is 
proportional to 1/r PH, these interactions clearly dominate the relaxation processes. 
Chart 4 
Using standard molecules where the M2(dppm)2 moiety remains the same, the term [Z 
l/r6pH(sam)] / [S l/r6pn(sta)] becomes unity and the V(sta)/V(sam) ratio can easily be 
extracted. By computing the gas phase volume of standards, the experimentally evaluated 
V(sta)/V(sam) ratio leads to the number of units, n, in the tumbling polymers or 
oligomers using the following equation n = [V(sam)eXp / V(sta)eXp] 
[V(sta)caid./V(sam)caid]. 
Data and analysis are presented in Table 2 and are compared to that of light 
scattering data (Mw). Both methodologies reveal the presence of small oligomers and the 
same trend (P4 > P3 > P2, ignoring the experimental uncertainties), but significant 
discrepancies are noticed for the rigid rod polymers. For P3, the Ti/NOE and light 
scattering data indicate n values of 2.4 and 4.3, respectively. For P4, this difference is 
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more important (2.9 vs 9.7).6a N(Ti/NOE)/n(viscosity) ratios of -1/3 to -1/4 were 
previously observed for other related d9-d9 Pd-Pd-containing oligomers (Chart 1), and are 
due to the presence of single bonds in the oligomer chain. This allows extra motion which 
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This discrepancy becomes more important when one considers that the oligomers 
exhibit a linear shape, while the Stokes-Einstein-Debye equation assumes a spherical 
shape. NOE data were not collected for Ml and PI as similar conclusions were 
anticipated. 
Attempts to evaluate Mv from viscosity measurements were also made. While the 
data reproducibly indicated the presence of short oligomers based on the measured times, 
the estimation of Mv is difficult because of the nature of the oligomers. There is no 
standard that would be appropriate to apply to this methodology. However, the delay 
times for P1-P4 in acetonitrile are as follow: PI: 1 (0.4 %), 12 (1 %), and 33 (2 %); P2: 
13 (0.3 %), and 15 (0.5 %); P3: 6 (0.4 %), 10 (0.8 %), and 14 (1.2 %); P4: 70 (0.4 %), 
and 149 s (0.9 %). Using 0.4 % as a common concentration (averaging the data for P2), 
the delay times vary as Pd < Pt and dmb < CNC6Me4NC. Assuming that the delay times 
are proportional to Mv, these data are perfectly consistent with the data extracted with the 
light scattering method. The data are also consistent with the larger degree of dissociation 
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of the Pd-L bond than the Pt-L bond, and the fact that rc-delocalization in the M-C=N-aryl 
fragment occurs (as concluded with the TGA findings). The dimension of the oligomer is 
best described by the light scattering data in this work (Table 2). 
Table 2. Ti/ NOE analyses and comparison with light scattering data. 
TTOO T]PH V(A3y Vfsam^) r? Adn M^ n~~ 
V(sta) 
~M1 3^88 c 1245 
PI 1.25 c 1200 2600 ±800 1.9 
M2 2.39 0.73 1306 
P2 1.45 0.93 1208 2.10 2.3 3000 5230 ±300 3.9 
M3 3.54 0.46 1245 
P3 1.11 0.34 1200 2.36 2.4 3500 6650 ±800 4.3 
M4 3.22 0.60 1378 
P4 1.77 0.83 1208 2.52 2.9 3800 14700 ±300 9.7 
a) Computed using PC-Model software. 
b) n = [V(sam)eXp / V(sta)exp] • [V(sta)caid./V(sam)caid]. 
c) not measured. 
All in all, PI to P4 are unquestionably oligomers in solution while polymers exist in 
the solid state. It is reasonably assumed that the acetonitrile solvent molecule occupies 
the vacant site at the axial position of the dissociated M2 fragments. 
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III. Molecular Orbital Analysis. Theoretical computations on "gas phase" models such as 
the Pd2(H2PCH2PH2)2(ONR)22+ (R = Me, Ph) complexes for Ml and M2 were 
performed in order to address the nature of the frontier MCTs. Geometry optimizations on 
both compounds exhibit the twisted Pd2(diphos)2 fragment (dihedral PPdPdP angle 54.7°) 
and axially placed isocyanide groups along the M-M bond. The phenyl groups in 
Pd2(H2PCH2PH2)2(C=NPh)22+ adopt a symmetric conformation where the planes are 
placed perpendicular to the CH2'"CH2 axis (Chart 6). This result is consistent with the X-





H2PV PH2 V 
side view 
Chart 6 
The bond distances listed in the figure captions (Figs. 4 and 5) compare reasonably to that 
of the X-ray data (Figure 1-3, and ref. 26). The largest discrepancy is the Pd-P bond 
where the computed value is 0.069 A longer than the experimental averaged value. 
The computed frontier MO's for Pd2(H2PCH2PH2)2(C=NMe)22+ (Fig. 4) exhibit 
the da (HOMO) and da* (LUMO) typical for the presence of the d9-d9 M-M bond.31'6a 
On the other hand, the frontier MO's for Pd2(H2PCH2PH2)2(C=NPh)22+ (Fig. 5) exhibit 
two series of degenerate 7i*-d7T* (HOMO and HOMO-1) and intraligand 7i(Ph) MO's 
(HOMO-2 and HOMO-3). HOMO and HOMO-1 indicate the presence of ^-interactions 
between the Pd2(H2PCH2PH2)2 fragment and the aryl isocyanides, and are consistent 
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with the observed electronic communication in the cation [FcC=C-Pt2(dppm)2-
OCFc]+,32 and the observed enhanced thermal stability of the aryl isocyanide complexes 
(with respect to alkyl isocyanide) discussed above. The HOMO-4 and LUMO are the da 
and da* MO, respectively. The main feature for these calculations is that virtual 
intraligand and 7t*-d7t* states are present in the frontier MCTs and must be taken into 
account prior to UV-vis and luminescence analyses. 
LUMO 
HOMO 
Figure 4. MO drawings for the frontier orbitals for Pd2(H2PCH2PH2)2(CNMe)22+. The 
optimized geometry exhibits the following structural parameters: d(Pd2) = 2.650, d(PdP)= 
2.369, d(PdC) = 2.123, d(ON) = 1.166 A, <(PPdP) = 164.3, <(PdPdC) = 180.0, 
<(PdCN) = 180.0, <(PdPdP) = 82.2 and <(PPdC) = 97.9°; PPdPdP torsion angle = 54.7°. 
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HOMO and HOMO-1 
HOMO-2 and HOMO-3 
HOMO-4 and LUMO 
Figure 5. MO drawings for the frontier orbitals for PcbCHsPCEbPHaMCNPh)^. The 
optimized geometry exhibits the following structural parameters: d(Pd2) = 2.647, d(PdP)= 
2.369, d(PdC) = 2.116, d(ON) = 1.170 A, <(PPdP) = 164.4, <(PdPdC) = 179.9, 
<(PdCN) = 180.0, <(PdPdP) = 82.2 and <(PPdC) = 97.8°; PPdPdPd torsion angle = 54.7°. 
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IV. Electronic Spectra and Photophysics. a) Absorption spectra. The absorption spectra 
of M1-M4 and P1-P4 exhibit low-energy bands that are narrow and sharpen upon 
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Figure 6. UV-vis spectra of P2 (up) and P4 (down) in butyronirile at 298 (—) and 77 K 
( - - ) • 
da—>da* electronic transitions associated with d9-d9 M2-bonded species. These bands 
generally exhibit low energies, high intensities (s > 10,000 M^cm-1), and are often 
narrow (2000 < FWHM < 4000 cm"1 at room temperature).33 The most striking piece of 
evidence for such a band in the UV-vis spectra is the high sensitivity of the Xmax and 
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FWHM, with the temperature. Upon cooling the samples, either in the solid state or in 
solutions, the da—>da* bands experience a significant blue shift and decrease in FWHM. 
This well-known phenomenon is due to lower energy "hot bands" of vibronic origin, 
which disappear upon cooling. The presence or absence of such "hot bands" depends 
upon the vibrational frequency of the Franck-Condon active modes in the electronic 
transitions. For da—>da* transitions, this mode is v(M2), which is generally of low 
frequency, leading to significant "hot band" contributions in the da—>da* spectral 
envelope. For MLCT (metal-to-ligand-charge-transfer) or d—d transitions, higher 
frequency Franck-Condon active modes are generally present, such as intraligand and 
M-L stretches. Because of their greater energy gap, the higher vibrational levels are not 
heavily populated. Sourisseau and coworkers used resonance Raman to demonstrate the 
da—>da* assignment of the lowest energy absorption band at -420 nm for 
Pd2(dppm)2Ci2.34 Indeed, this band is seen at about 380 and 340 nm for the Pd- and Pt-
containing materials, respectively. Table 3 shows the magnitude and the important 
decrease in FWHM with the decrease in temperature of these spin-allowed bands and 
corroborate the da—>da* assignment. The absorptivity data are found between 10,000 
and 15,500 M^cm"1, as expected, but the data for M3 and P3 (about 4000 M'W"1) are 
unusual but not shocking. 
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Table 3: UV-vis data for M1-M4 and P1-P4. 
298 K (in butyronitrile) 77 K (in butyronitrile) 
X(max)a v(max)b 7C FWHMd X(max)a v(max)b FWHMC 
(nm) (cm'1) ( M ' W 1 ) (cm"1) (nm) (cm'1) (cm"1) 

























































a) The uncertainty is ± 1 nm. b) The uncertainty is ± 70 cm" . c) The uncertainty is ± 5 %. 
d) The uncertainty is ± 150 cm" 
b) Luminescence. Unstructured emission bands are observed in the 635-750 nm 
range with excitation spectra superimposing the absorption spectra (Table 4, Fig. 7 as an 
example). The large Stokes shifts (>10,000 cm"1) and xe (us timescale for the Pt species) 
suggest phosphorescence, and the lack of vibronic resolution rules out the intraligand n-
TI* excited state as the luminescent state, based on comparison with the ligands 
themselves. Consequently, we assign the luminescent band to a triplet da-da* transition. 
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The emission spectra of Pt2(dppm)2(CNC6Me2H3)22+ were also investigated as well to 
address the effect of substitution on the aromatic on the luminescence. In PrCN at 77 K, 
the e^mi is 680 run, which is similar to M4 (673nm, Table 4). Therefore, it has almost no 
effect. 
300 400 500 600 
Wavelength (nm) 
700 800 
Figure 7. Emission (EM; A,ex = 380 nm) and excitation (EX; Xem = 610 nm) spectra of P4, 
{[Pt2(dppm)2(CNC6Me4NC)](BF4)2}n in PrCN at 77K. 
Due to dissociation of the P1-P4 polymers in solution, oligomers capped with 
NCCH3 ligands must be considered as well. To this end, the known 
M2(dppm)2(NCCH3)22+ complexes (M = Pd, Pt) were also investigated. The 
Pd2(dppm)2(NCCH3)2 complex is very weakly luminescent under the same 
experimental conditions as for M1-M4 and P1-P4, to the extent that one cannot measure 
A,emi in the solid state. Pt2(dppm)2(NCCH3)22+ is also very weakly luminescent, but not as 
much as the former Pd-analogue, and Xem{ could be measured in all cases. The A.emi data 
for the M2(dppm)2(NCCH3)22+ complexes are very similar to that of M3, M4, P3, and P4 
(Table 4). This behavior probably reflects on the similarity in axial ligands between 
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cyanide and isocyanide. Therefore, one cannot distinguish between the photophysics 
arising with these two ligands in this work. However, since the bis-acetonitrile model 
complexes are very weakly luminescent, the luminescence depicted in the oligomers must 
arise mainly from isocyanide-containing fragments. 
Table 4 : Emission data for M1-M4 and P1-M4 in the solid state at 77 and 298 and in 
solution at 77 K. 
Solid State Solution (77 K) 







































13300 6.2 ± 0.4 ns 
15700 4.5 ± 0.4 ns 
13900 3.7 ± 0.1ns 
14800 b 
14800 3.2 ±0.2 us 
14700 4.1 ± 0.7 us 
14900 3.1 ± 0.6 us 
14000 3.1 ± 0.3 us 
a) Too weak to be detected. 
b) Too weak to be accurately measured. 
I l l 
The comparison of A,emi between M2 and P2 and between M4 and P4 exhibits large 
red-shift of the emission bands in the oligomers in solution at 77 K, suggesting that n-
delocalization plays a role in the excited state properties. This is supported by the 
comparison between A,emi for Ml and PI, as well as for M3 and P3, where only small red-
shifts are observed. In the solid state, no accurate conclusion could be made as the 
emission band turned out to be broad. 
Intrachain excitonic processes are occasionally encountered for AgCNR- and 
CuCNR-containing polymers in solution. These processes involve the reversible energy 
transfer, either in the singlet or triplet states, along a series of identical chromophores 
after one of them has been photo-excited. After an undetermined amount of time 
(generally within the time scale of relaxation of a single chromophore), the polymer 
relaxes by emitting a photon. The observed luminescence is completely different from 
that of a single unit where the emission lifetime decay traces are non-exponential, the 
emitted light is depolarized, and the time resolved spectra exhibit an "infinite" number of 
emission bands with different delay times. In this work, despite the use of delocalized 
systems (M-C=N-aryl), excitonic processes were not observed, suggesting that the 
photophysical process seems, for the moment, to be specific to AgCNR- and CuCNR-
containing polymers. 
c) Photophysical properties. Because of the weak intensity of the signal, the emission 
lifetimes, xe, could not be determined accurately in the solid state at both 298 and 77 K. 
However, solution data were acquired, and the key features are firstly, the xe data for Pd-
containing materials are significantly shorter than that of the Pt-analogues (by about 2 
orders of magnitude; Table 4). This is consistent with the fact that the emission intensities 
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for the Pt-materials are larger than that of the Pd-materials. Secondly, the xe data are not 
greatly influenced by polymerization. 
The first feature appears unusual when one considers the larger spin-orbit 
coupling effect on xe (xe decreases as the atomic number increases). However, the ns time 
scale has been encountered for all mixed-ligand d9-d9 Pd2-materials. For example, the 
Pd2(dmb)2X2 (X = CI, Br),31 Pd2(dmb)2(PPh3)22+,6a {Pd2(dmb)2(diphos)2+}„ (diphos = 
Ph2P(CH2)mPPh2 where m = 4, 5, 6; Ph2OCPPh2),6a {Pd2(dmb)2(diphos,)2+}n (diphos^= 
Ph2P(CH2)mPPh2 where m = 2, 3) materials63 exhibit xe of 71, 177, 2.8, 1.9, 2.7, 2.2, 2.4, 
1.9, and 1.5 ns, respectively in PrCN at 77K. The particularly short lifetimes in the 
Pd2(dmb)2X2 (X = CI, Br) complexes were assigned to a facile photo-induced Pd-Pd 
cleavage and photolability of the ligands.31 For the Pt-analogues, the Pt-L bonds are much 
less labile, as indirectly observed in the greater thermal stability of the Pt-CNR bonds 
(TGA) and the longer oligomers in solution (light scattering data above). 
The second feature is interesting as excited state deactivations associated to 
molecular vibrations and motions in solution are the same for the model compounds and 
for the oligomers. The size of the oligomers does not affect these processes as the xe of 
the oligomers and of the model complexes are approximately the same. Therefore, no 
auto-quenching of the excited states occurs. 
Conclusion 
This study provides a better understanding of coordination/organometallic 
polymers, particularly with respect to their nature in solution and in the solid state. While 
clear evidence for polymers in the solid state is observed, oligomers of 2-10 units long 
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are observed in solution. The length is function of the metal and of the ligand. The 
thermal stability is governed by the weakest bond (M-CNR), common to all diisocyanide-
containing polymers. In this series, the most stable material is found for M = Pt and R = 
aryl (P4). 
Reported M-M-containing polymers are scarce, and this work shows that the 
presence of the M-M bonds in the backbone is felt in the photophysics of these weakly 
luminescent materials, in both the solid state and in solution. However, while n-
delocalization occurs in the aryl-containing materials, no intrachain excitonic behavior is 
noted here, which is surprising at this moment. 
Acknowledgments. PDH thanks the Natural Sciences and Engineering Research Council 
(NSERC) for funding. Dr. Frederic Brisach is acknowledged for the measurements of the 
emission and excitation bands and emission lifetimes of the Pd-containing materials at 
77K. 
Supporting Information Available Table providing TGA analyses of M1-M4 and Pl-
P4 and the M2(dppm)2Cl2 complexes, pictures of P4 in the solid state and dissolved in a 
minimum amount of CH3CN showing the swelling, General experimental section for X-
ray crystallography, crystal data and structure refinement, atomic coordinates and 
equivalent isotropic displacement parameters, bond lengths and angles, anisotropic 
displacement parameters, hydrogen coordinates and isotropic displacement parameters, 
torsion angles for Ml, M3 and M4 (98 pages). This material is available free of charge 
via the Internet at http://pubs.acs.org. 
114 
References and Footnotes 
(1) (a) Universite de Sherbrooke. (b) University of New Brunswick. 
(2) (a) Manners, I. Science 2001, 294, 1664. (b) Manners, I. Synthetic Metal-Containing 
Polymers; Wiley-VCH: Weinheim, 2004. (c) Newkome, G. R.; He, E.; Moorefield, C. 
N. Chem. Rev. 1999, 99, 1689-1746. (d) Astruc, D.; Chardac, F. Chem. Rev. 2001, 
101, 2991. (e) Abd-El-Aziz, A. S.; Ed. Macromol. Symp. 2003, 196, 1. (e) Abd-El-
Aziz, A. S.; Harvey, P. D.; Eds. Macromol. Symp. 2004, 209, 1. (f) Kingsborough, R. 
P.; Swager, T. M. Prog. Inorg. Chem. 1999, 48, 123. (g) Wolf, M. O. Adv. Mater. 
2001,13, 545. (h) Archer, R. D. Inorganic and Organometallic Polymers; John Wiley 
& Sons Inc.: New York, 2001. (i) Abd-El-Aziz, A. S.; Carraher Jr., C. E.; Pittman Jr., 
C. U.; Sheats, J. E.; and Zeldin, M.; Eds. Macromolecule Containing Metal and 
Metal-like Elements, Wiley Interscience, John Wiley and Sons Inc., New York, Vol. 
5, 2005. 
(3) (a) C. Caliendo, I. Fratoddi, M.V. Russo, C. Lo Sterzo, J. Applied Phys. 93(12), 
10071 (2003). (b) K. Onitsuka, A. Shimizu, S. Takahashi, Chem. Commun. 2003, 
280. (c) G. Iucci, G. Polzonetti, P. Altamura, G. Paelucci, A. Goldoni, M. V. Russo, 
J. Vac. Sci. Technol. A 18(1), 248 (2000). (d) W.-Y. Wong, S.-M. Chan, K.-H. Choi, 
K.-W. Cheah, W.-K. Chan, Macromol. Rapid Commun. 21, 453 (2000). (e) F. 
Matsumoto, N. Matsumi, Y. Chupio, Poly. Bull. 46, 257 (2001). (f) K. Onitsuka, A. 
Iuchi, M. Fujimoto, S. Takahashi, Chem. Commun. 1A\ (2001). (g) G. Iucci, G. 
Infante, G. Polzonetti, Polymer 43, 655 (2002). (h) W.-Y. Wong, K.-H. Choi, G.-L. 
Lu, J.-X. Shi, Macromol. Rapid Commun. 22, 461 (2001). (i) Kohler, A.; Wittman, H. 
F.; Friend, R. H.; Khan, M. S.; Lewis, J. Syn. Met. 1996, 77, 147'. (j) Belluco, U.; 
115 
Bertani, R.; Michelin, R. A.; Mozzon, M. J. Organomet. Chem. 2000, 600, 37. (k) 
Fratoddi, I.; Altamura, P.; Sterzo, C. L.; Furlani, A.; Galassi, E.; D'Amico, A.; 
Russo, M. V. Polym. Adv. Technol. 2002, 13, 269. (1) Caliendo, C; Fratoddi, I.; 
Russo, M. V.; Sterzo, C. L. J. Appl. Phys. 2003, 93, 10071. (m) D^Amato, R.; 
Fratoddi, I.; Coppotto, A.; Altamura, P.; Delfini, M.; Bianchetti, C ; Bolasco, A.; 
Polzonetti, G.; Russo, M. V. Organometallics, 2004, 23, 2860. (n) Khan, S. Al-
Mandhary, M. R. A.; Al-Suti, M. K.; Al-Battashi, F. R.; Al-Saadi, S.; Ahrens, B.; 
Bjernemose, J. K.; Mahon, M. F.; Raitby, P. R.; Younous, M.; Chawdhury, N.; 
Kohler, A.; Marseglia, E. A.; Tedesco, E.; Feeder, N.; Teat, S. J. Dalton Trans. 2004, 
2377. (o) Wong, W.-Y.; Wong, C.-K.; Lu, G.-L.; Lee, A. W.-M.; Cheah, K.-W.; Shi, 
J.-X. Macromolecules, 2003, 36, 983. (p) Wilson, J. S.; Chawdhury, N.; Al-
Mandhary, M. R. A.; Younus, M.; Khan, M. S.; Raithby, P. P.; Kohler, Friend, R. H., 
J. Am. Chem. Soc., 2001, 123, 9412. (q) Wong, W.-Y.; Liu, Li; Poon, S.-Y.; Choi, 
K.-FL; Cheah, K.-W.; Shi, J.-X. Macromolecules 2004, 37, 4496. (r) Wong, W.-Y.; 
Poon, S.-Y.; Lee, A. W.-M.; Shia, J.-X.; Cheah, K.-W. Chem. Commun., 2004, 2420. 
(s) Tanase, T.; Goto, E.; Begum, R. A.; Hamaguchi, M.; Zhan, S.; Iida, M.; Sakai, K. 
Organometallics, 2004, 23, 5975. (t) Harvey, P.D. Macromolecule Containing Metal 
and Metal-like Elements, Abd-El-Aziz, A. S.; Carraher Jr., C. E.; Pittman Jr., C. U.; 
Sheats, J. E.; and Zeldin, M.; Eds., Wiley Interscience, John Wiley and Sons Inc., 
New York, Vol. 5, 2005, Chap. 4, p. 83. 
(4) (a) Phang, L.-T.; Gan, K.-S.; Lee, H.-L.; Hor, T. S. A., J. Chem. Soc, Dalton Trans. 
1993, 2697. (b) Kerby, M. C ; Eichorn, B. W.; Creighton, J. A.; Vollhardt, K. P. C , 
Inorg. Chem., 1990, 29, 1319. (c) Kerby, M. C ; Eichorn, B. W.; Creighton, J. A.; 
116 
Vollhardt, K. P. C , Organomet. Polym. 1990, 1, 288. (d) Deeming, A. J.; Nuel, D.; 
Randle, N. P.; Whittaker, C, Polyhedron 1989, 8, 1537. (e) Sherlock, S. J.; Cowie, 
M.; Singleton, E.; Steyn, M. M. de V., Organomet allies, 1988, 7, 1663. 
(5) Irwin, M. J.; Jia, G.; Viital, J. J.; Puddephatt, R. Organometallics, 1996,15, 5321. 
(6) (a) Sicard, S.; Berube, J.-F.; Samar, D.; Massaoudi, A.; Lebrun, F.; Fortin, J.-F.; 
Fortin, D.; Harvey, P. D., Inorg. Chem., 2004, 43, 5321. (b) Fournier, E.; Sicard, S.; 
Decken, A.; Harvey, P. D., Inorg. Chem., 2004, 43, 1491. (d) Zhang, T.; Drouin, M.; 
Harvey, P. D. Inorg. Chem. 1999, 38, 1305. (e) Zhang, T.; Drouin, M.; Harvey, P. D., 
Inorg. Chem. 1999, 38, 957. 
(7) (a) Balch, A. L.; Benner, L. S. Inorganic Syntheses 1982, 21, 47. (b) Grossel, M. C. J. 
Organomet. Chem. 1986, 304, 391. (c) Brittingham, K. A.; Schreider, S.; Gallaher, T. 
N. J. Chem. Edu. 1995, 72, 941. 
(8) (a) Benner, L. S.; Balch, A. L. J. Am. Chem. Soc. 1978, 100, 6099. (b) Rashidi, M.; 
Vittal, J. J.; Puddephatt, R. J. J. Chem. Soc, Dalton Trans. 1994, 1283. 
(9) Weber, W. P.; Gokel, G. W. Tet. Lett. 1972,17, 1637. 
(10) Turcotte, M.; Harvey, P.D. Inorg. Chem. 2002, 41, 1739-1746. 
(11) Gaussian 98 (Revision A.6), Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; 
Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. 
A. Jr.; Stratmann, R. E.; Burant, J. C ; Dapprich, S.; Millam, J. M.; Daniels, A. D.; 
Kudin, K. N.; Strain, M. C; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi, 
R.; Mennucci, B.; Pomelli, C; Adamo, C ; Clifford, S.; Ochterski, J.; Petersson, G. 
A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.; Rabuck, A. D.; 
Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Baboul, A. G.; 
117 
Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, L; Gomperts, R.; 
Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; 
Gonzalez, C; Challacombe, M.; Gill, P. M. W.; Johnson, B. G.; Chen, W.; Wong, M. 
W.; Andres, J. L.; Head-Gordon, M.; Replogle, E. S.; Pople, J. A. Gaussian, Inc., 
Pittsburgh PA,1998. 
(12) Becke, A.D. "Density-functional thermochemistry. Ill The role of exact 
exchange" J. Chem. Phys. 1993, 98, 5648. 
(13) (a) Lee, C; Yang, W.; Parr, R. G. Phys. Rev. 1988, B 3.7, 785. (b) Miehlich, A. 
D.; Savin, A.; Stoll, H.; Preuss, H. Chem. Phys. Lett. 1989,157, 200. 
(14) (a) Dobbs, K. D.; Hehre W. J. J. Comp. Chem. 1986, 7, 359. (b) J. Comp. Chem. 
1987, 8, 861. (c)J. Comp. Chem. 1987, 8, 880. 
(15) Sze, S. M. Physics of Semiconductors, 2nd ed. John Wiley: Toronto, Canada, 
1981; pp 30-32. 
(16) H.D. Flack, E. Blanc and D. Schwarzenbach (1992), J. Appl. Cryst., 25, 455-459. 
(17) E.J. Gabe, Y. Le Page, J.-P. Charland, F.L. Lee, and P.S. White, (1989) J. Appl. 
Cryst., 22, 384-387. 
(18) G. M. Sheldrick, SHELXS-97, G.M. Sheldrick, University of Gottingen, 
Germany, 1997, Release 97-2. 
(19) SAINT 6.02, 1997-1999, Bruker AXS, Inc., Madison, Wisconsin, USA. 
(20) SADABS George Sheldrick, 1999, Bruker AXS, Inc., Madison,Wisconsin, 
USA. 
(21) SHELXTL 6.14, 2000-2003, Bruker AXS, Inc., Madison,Wisconsin, 
USA. 
118 
(22) GEMINI 1.0,1999, Bruker AXS, Inc., Madison, Wisconsin, USA. 
(23) Alves, O. L.; Vitorge, M.-C; Sourisseau, C. Nouv. J. Chem. 1983, 7, 231. 
(24) (a) Herzberg, G. Vibrational Spectra of Polyatomic Molecules; Van Nostrand, NJ, 
1945, p.181. (b) Harvey, P. D.; Traong, K. D.; Aye, K. T.; Drouin, M.; Bandrauk, A. 
D. Inorg. Chem. 1994, 33, 2347. 
(25) (a) Rashidi, M.; Vittal, J. J.; Puddephatt, R. J. J. Chem. Soc., Dalton Trans 1994, 
1283. (b) Tanase, T.; Nomura, T.; Yamamoto, Y.; Kobayashi, K. J. Organomet. 
Chem. 1991, 410, C25. (c) Tanase, T.; Nomura, T.; Fukushima, T.; Yamamoto, Y.; 
Kobayashi, K. Inorg. Chem. 1993, 32, 4578. (d) Cristofani, S.; Leoni, P.; Pasquali, 
M.; Eisentraeger, F . ; Albinati, A. Organometallics 2000, 19, 4589. (e) Messbauer, 
B . ; Meyer, H.; Walther, B . ; Heeg, M. J.; Masqsudur Rahman, A. F. M.; Oliver, J. P. 
Inorg. Chem. 1983, 22, 272. (f) Goldberg, S. Z.; Eisenberg, R. Inorg. Chem. 1976, 
15, 535. (g) Khan, Md. N. I.; King, C; Wang, J.-C; Wang, S.; Fackler, J. P. Jr. Inorg. 
Chem. 1989, 28, 4656. 
(26) Selected references from the Cambridge Data Bank (a) Hong, X.; Yip, H.-K.; 
Cheung, K.-K.; Che, C.-M. J. Chem. Soc, Dalton Trans. 1993, 815. (b) Yip, H.-K.; 
Che, C.-M.; Peng, S.-M. J. Chem. Soc., Dalton Trans. 1993, 179. (c) Maekawa, M.; 
Munakata, M.; Kuroda-Sowa, T.; Suenaga, Y. Inorg. Chim. Acta 1998, 281, 116. (d) 
Maekawa, M.; Munakata, M.; Kuroda-Sowa, T.; Suenaga, Y. Anal. Sci. 1998, 14, 
447. (e) Besenyi, G.; Parkanyi, L.; Gacs-Baitz, E.; James, B. R. Inorg. Chim. Acta 
2002, 327, 179. (f) Krafft, T. E.; Hejna, C. I.; Smith, J. S. Inorg. Chem. 1990, 29, 
2682. (g) Henderson, W.; Nickelson, B. K.; Chung, D. C. Acta Crystallogr., Sect. E; 
Struct. Rep. Online 2002, 58, m432. (h) Maekawa, M.; Munakata, M.; Kuroda-Sowa, 
119 
T.; Suenaga, Y. Polyhedron 1998, 17, 3657. (i) Yip, J. H. K.; Wu, J.; Wong, K.-Y.; 
Ho, K. P.; Pun, C. S.-N; Vittal, J. J., Organometallics, 2002, 21, 5292. 
(27) Plourde, P.; Gilbert, K.; Gagnon, J.; Harvey, P. D. Organometallics 2003, 22, 
2862. 
(28) Ti decreases with the field (Ho) indicating the extreme narrowing limit. 
(29) Drago R.S. Physical Methods for Chemists, 2nd Ed., Saunders College Pu., New 
York 1992. (b) Wehrli, F.W.; Wirthlin, T. Interpretation ofCarbon-13 NMR Spectra. 
Heyden, London, 1980. 
(30) The contribution from chemical shift anisotropy, quadrupolar, electron 
paramagnetic, chemical exchange and spin-rotation processes are negligible. Indeed, 
the complex does not exhibit quadrupolar nuclei (except for 14N, which exhibits a 
96 9 9R 
very small quadrupolar constant: 2 x 1 0 " cm), nor are they paramagnetic. The 
FWHM (full-width-at-half-maximum) was not strongly temperature dependent 
between 20 and 40°C. 
(31) Harvey, P. D.; Murtaza, Z. Inorg. Chem. 1993, 32, 4721-4729. 
(32) Yip, J. H. K.; Wu; J.; Wong, K.-Y.; Ho, K. P.; Pun, S.-N; Vittal, J. J. 
Organometallics 2002, 21, 5292. 
(33) Miskowski, V. M.; Smith, T. P.; Loehr, T. M.; Gray. H. B. J. Am. Chem. Soc. 
1985,107, 7925. 
(34) Alves, O. L.; Vitorge, M.-C; Sourrisseau. C. Nouv. J. Chim. 1983, 7, 231. 
(35) Harvey, P. D.; Founder, E., ACS Books, in press, 2005. 
120 
Synopsis 
Solution and Solid State Properties of Luminescent M-M Bond-Containing 
Coordination/Organometallic Polymers Using the RNC-M2(dppm)2-CNR 
Building Blocks (M = Pd, Pt; R = aryl, alkyl) 
The title polymers dissociate in solution to give oligomers, which 
were investigated by DSC, XRD, TGA, Ti/NOE, viscosity, light 
scattering, MALDI-TOF, Raman, IR, UV-vis, luminescence at 298 
and 77 K methods, and DFT calculations. The emission arises from 
a dodo* state, and no exciton phenomenon was observed. 
Evidence for 7C-delocalization in aryl-M-M units is provided. 
polymer (solid) =^= oligomer (solution) 
< P h 2 V M ™ 
/ p 
Ph2 
M = Pd, Pt 
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CHAPITRE 3 
Oligomeres et polymeres conjugues de types cis- et trans-^\atme(IT)-para-
et ortho- bis(ethynylbenzene)quinone diimine 
3.1 Avant-propos 
Ce projet a pris pres de deux ans a completer et il y a encore plusieurs avenues possibles a 
explorer. On doit premierement souligner Papport de Daniel Fortin qui a concu le projet avec 
l'aide du Professeur Pierre Harvey. lis nous ont guide et apporte de nouvelles strategies pour 
arriver au bout du projet. Je dois aussi souligner le travail de Daniel pour la cristallographie 
ainsi que pour la modelisation. 
Comme tout autre projet, il y a plusieurs personnes qui ont contribue. Premierement, la 
synthese et la caracterisation des espaceurs organiques substitue en position para ont ete 
effectuees par Jean-Francois Berube. La synthese et la caracterisation des oligomeres et 
polymeres avec les espaceurs para ont ete effectuees par Laurence Caron et moi-meme. Les 
espaceurs organiques en version ortho ont ete synthetises et caracterises par moi-meme. J'ai 
egalement fait la synthese des composes metalliques de platine et de palladium pour la 
complexation. Les composes modeles, oligomeres et polymeres avec les espaceurs ortho ont 
ete synthetises ainsi que caracterises par moi. Les composes 1 et 2 dans ce papier ont ete 
synthetises et caracterises par Diana Bellows. 
II faut souligner le grand apport de Shawkat Mohammed Aly qui a fait tous les mesures 
luminescence, durees de vie et de rendements quantiques d'emission sur toutes les molecules 
de ce papier. II faut egalement souligner la contribution d'Anne Wittmeyer, qui a effectue les 
mesures de voltamperometrie cyclique et de coulometrie sur tous les composes. 
Les mesures de GPC et de DSC ont ete effectue par Jerome Babin et Smail Dahmane, 
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respectivement. Les analyses thermogravimetriques ont ete effectives par Regina Zamojska. 
Les essais de dopage et de conductivite sur les polymeres et les oligomeres ont ete faits par 
Daniel Fortin et moi-meme. 
Ce prqjet a ete long mais a produit beaucoup de resultats encourageants sur lesquelles nous 
pouvons nous baser pour les prochains essais sur de nouveaux materiaux. Comme je l'ai 
mentionne plus haut, ce projet offre plusieurs avenues que les prochains etudiants peuvent 
suivre et je suis convaincu que la fabrication d'une diode electroluminescente ou d'une pile 
photovoltaique va se faire tres prochainement. 
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3.2 Conjugated Oligomers and Polymers of cis- and fraa#fs-Platinum(II)-/Mzra-
and orf/i0-Bis(ethynylbenzene)quinone Diimine 
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Abstract. Three conjugated polymers of the type (-spacer-C=C-PtL2-C=C-)n with 
spacer =para- and or^o-bis(diphenyl(tetramethoxy)quinone diimine) and L = PEt3, were 
synthesized as the cis- and tram-isomers about the Pt. The three combinations 
(spacer/PtL2Cl2), ortho/trans, para/trans and para/cis led to polydispersed polymers 
which upon fractionation provided more monodispersed materials with Mn ranging from 
3600 to 32400 (GPC). The spacer or^/zo-bis(diphenylethynyl)tetramethoxyquinone 
diimine reacts with c/s-Ptl^Ck to form small oligomers and a chelate cyclic complex (7) 
which was used as a model compound. All materials along with the aryl-C=C-PtL2-
C=C-aryl models (L = PEt3; aryl = C6H5, 2,4,6-C6H2Me3; 2,4,5-C6H2Me3) were studied 
by lU and 31P NMR, IR, UV-vis, ATG, DSC, luminescence spectroscopy, photophysics 
and cyclic voltammetry. The UV-vis spectra exhibit an intramolecular low-energy and 
low-intensity charge transfer band (CT) assigned to 7r(Ph-C=C) (for organics) and 
7i/dxy((Ph-C=C)2Pt) (for organometallics) to the 7i*(quinone diimine) as demonstrated by 
comparison with a corresponding amine derivative (i.e. no CT band); and corroborated by 
DFT and TDDFT. The polymers and 7 are not luminescent at room temperature (solid 
and solution). However in 2MeTHF at 77K, the polymers bearing the combination 
ortho/trans and para/cis as well as the model compound 7 exhibit higher energy 
phosphorescence (Tn—>So) originating from the 7T7r*/dxy((Ph-C=C)2Pt) excited states. A 
correlation between the structural parameters (angle made by the PtP2(C=C)2 vs the aryl 
planes, angle made by the aryl and the quinone diimine planes, molecular weight) with 
the calculated oscillator strength, absorptivities and the observed position of the lowest 
energy absorption bands is demonstrated. Finally, upper energy delayed fluorescence 
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(Sn—>So) was detected for the polymers and 7 at 77 K and was assigned to T1-T1 
interactions via aggregation as its intensity varies with the concentration. 
Introduction 
The use of metal-containing macromolecules have been the topics of intense research 
for the past 10 years or so and important applications such as semi- and photo-conducting 
and optical materials, catalysis, and nano-materials, were reported. Reviews on the topics 
have indeed flourished at a fast rate during the past 5 years or so.1'2 Among the building 
blocks for the preparation of these novel materials, one finds the well-known metal-
containing fragment bis(ethynylaryl)bis(phosphine)platinum(II), Ar-C=C-PtL2-C=C-Ar 
(Chart 1; L = monophosphine), which can be used to prepare innovative conjugated 
coordination and organometallic cyclic and acyclic oligomers, polymers, dendrimers and 
star-shaped molecules. At the same time, both the trans- and c7.s-Ar-C=C-PtL2-C=C-Ar 
units and alike turn out to be photo- and electro-luminescent chromophores,4 and their 
excited state characteristics have attracted some attention in a theoretical point of view.5 
PR3 N 
frans-bis(ethynylbenzene)bis(phosphine)platinum(ll) frans-quinone diphenyldiimine 
Chart 1 (R = alkyl group) 
Parallelly, quinone diimine is a non-luminescent chromophore but exhibits electro-
responsive properties in acidic solution.6 Along with its reduced form, N,N'-diphenyl-
1,4-phenylenediamine, quinone diimine was often investigated in relation with the well-
known conducting polymer, poly aniline, in its protonated emaraldine form.7 
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We now wish to report new conjugated organometallie polymers exhibiting the 
general structure (-[ethynylbenzene-metal-ethynylbenzene]-[quinone diimine]-)n where 
the [ethynylbenzene-metal-ethynylbenzene] is the trans- or cis-FtL2(C=CC^H4-)2 unit and 
the [quinone diimine] moiety is the para- or ort/zo-substituted bis(ethynylbenzene)-N,N'-
tetramethoxyquinone diimine (Chart 2). The photophysical properties for the ortho/trans-
and /?ara/czs-polymers and the mononuclear complex made of the or^/zo/cw-combination 
turned out to exhibit luminescence arising from upper excited states at 77 K. The 
^ara/ifram-polymer turns out not to be luminescent. 
11 
/ N ^ O M e Pt 
1 2 w 
Chart 2 
Results and Discussion 
Synthesis of the model compounds. The model compounds 1 and 2 (Chart 3) were 
prepared by reacting respectively 2,4,6- and 2,4,5-trimethylphenylacetylene with the 
z
<ran5,-Pt(PEt3)2Cl2 complex in the presence of 'P^NH. These derivatives were selected in 
order to provide specific structural information about the trans-PtL2(C=C)2 segment and 
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for assignment purposes in the polymers (cis vs trans about Pt using 3IP NMR). 
Similarly, a study of the electrochemical, optical and photophysical properties of these 
models helps understand the photonic properties of the polymers. 
PEt3 





Figure 1. ORTEP representations of 1 (left) and 2 (right). The thermal ellipsoids are 
represented at 25 % probability. The H-atoms are not shown for clarity. Selected bond 
distances and angles, 1: Pt-P, 2.288 (3); Pt-C, 2.013 (9); C=C, 1.184 (13) A; <PPtC, 91.3 
(3)°; 2: Pt-P, 2.288 (3); Pt-C, 2.047 (10); C=C, 1.148 (12) A; <PPtC, 90.6 (3)°. 
The X-ray structures for 1 and 2 (Figure 1) reveal the anticipated ^ram-geometry in both 
complexes, which turn out to be crystallographically centro-symmetric at the Pt atom. 
Two different orientations of the aryls with respect to the PtP2(C=C)2 plane are noted, 
demonstrating at first glance, no obvious preference for the parallel or perpendicular 
orientations of the aryl n orbitals vs this Pt-containing plane. In 1, the aryl groups are 
placed near perpendicular to the PtP2(C=C)2 plane (83.0°). This orientation may be 
induced by steric effects generated by the two ortho methyl groups of the mesityl 
residues and the PEt3 ligands. Noteworthy, this compound appears white as crystals. In 2, 
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there is less steric effects (just one ortho methyl instead of two). The aryls are oriented 
more parallel with the PtP2(C=C)2 plane (29.8°) which allows a different alignment of the 
aryl 7i-system with respect to the d Pt orbitals. Interestingly, the compound exhibits a 
yellowish coloration. Again, steric hindrance between the methyl groups and the PEt3 
ligand may be the cause for this. A deviation of 6.9° from linearity of the C=C-C 
fragment is also noted corroborating this hypothesis. The variability in dihedral angle is 
not uncommon according to the Cambridge Data Bank. Examples where the relative 
angle between the PtP2C2 plane and the aryl group is nil or almost nil,8 perpendicular or 
almost perpendicular,9 or anywhere in between,10 are frequent. In these models, the 8 
value is about 15 ppm and the J( P- 5Pt) coupling constant approaches 2400 Hz. 
f iM63 F f\ H
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/"= NEt3, TiCI4, C6H5CI; //= K2C03, CH3OH 
Scheme 1 (only the anti-geometry is shown for simplicity) 
The synthesis of ligand 4 proceeds as indicated in Scheme 1. The precursor 3 is 
prepared from the condensation of a desired tetrasubstituted quinone with an ortho-
substituted ethynyl(trimethylsilane)aniline. The structure determination of 3 was made by 
X-ray techniques (Figure 2; up) and reveals the anft'-geometry (3a). Although several X-
ray structures of trans-qumoviQ diphenylimines were reported,11 compound 3a represents 
the first example of oft/zo-substituted derivatives. In Scheme 1, only the corresponding 
a/?/7-conformer is presented for simplicity. After the next synthetic step (i.e. C-Si bond 
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cleavage), the X-ray structure for the iy«-conformer (4b) was also solved, demonstrating 
the existence of both conformers, the anti and syn. The angles between the phenyl rings 
and the central quinone average planes are 67.00° for the tetrafluoro-spacer {anti 
conformer) and 88.89° for the tetramethoxy-spacer (syn conformer), indicating that in 
both solids, the 7t systems are not well oriented for conjugation. 
The thin layer chromatography plates exhibit two spots for 3 and 4 making the 
figure "8", most likely for the anti- and sj«-conformers. These species were 
unfortunately not separable by column chromatography despites several attempts. 
6<°) 
Figure 2. Up: ORTEP representations of 3 (left) and 4 (right). The thermal ellipsoids are 
represented at 25 % probability. The H-atoms are not shown for clarity. Selected bond 
distances, 3: C=C, 1.204(5), C=N, 1.399(14) A; 4: C=C, 1.181(13), C=N, 1.273(9) A. 
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Bottom: Redundant relaxed energy scan at the Hartree Fock level for 3* (without silyl 
groups) and 4. In these calculations, one half of the molecule is fixed and the second half 
undergoes a rotation about the N-Ph bond (0 = 90° at first). 
The C-Si bond cleavage by a base in methanol (i.e. methanolate) is accompanied 
by the substitution of all the fluoride atoms by methoxy groups leading to 4 for which an 
X-ray structure determination was made (Figure 2a). As stated in this particular case, the 
syM-conformation (4b) was observed. The incorporation of ethoxy substituents instead of 
methoxy was also tested (compound 4'; Chart 4) and the obtained corresponding ortho-
derivative was characterized by X-ray techniques (Figure 3, see SI for experimental). For 
4', the anti-confovmer was observed. The angle between the phenyl and quinone diimine 
average plane is 89.98°; almost completely perpendicular precluding efficient electronic 
communication by conjugation. This convenient reaction (C-Si bond cleavage and F-
substitution by RO groups) was attempted to test the facile incorporation of solubilizing 
chains often desired for polymers (polymer growth during synthesis, solubility for 
characterization, and protecting groups to minimize inter-chain interactions in the solid). 
The difficulty in separating the anti- to .yyrc-conformers is now addressed. 
Molecular modeling calculations on 4 as well as on 3* (without the silyl groups), were 
performed to evaluate the energy barrier for the anti- to syn-conformer interconversion. 
The computational results are provided in Figure 2 (bottom). The calculations predict that 
the two conformers exhibit almost the same stability, consistent with the fact that both 
forms were observed from X-ray structure determination. The graph exhibits an energy 
barrier of 31 kJ/mole for 3* (without silyl groups); a barrier small enough to observe 
fluxion at room temperature in solution. For 4, a barrier of 47 kJ/mole is computed; a 
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larger value stressing evidence for steric hindrance of the -OCH with the OMe groups. 
Noteworthy, the energy profile does not exhibit a Gaussian-shaped curve as observed for 
the fluoride-based ligand 3* because of a cooperative action between one of the OMe 
group and the Ce^C^CH group upon rotation. At a critical angle, the energy drops 
drastically after the MeO groups get "out of the way". These computations indicate that 
the barriers to fluxion are low enough to anticipate fluxion in solution. Maybe for this 
reason also, the separation of the syn- from the anti- forms was not possible in this work. 
Figure 3. ORTEP representations of 4' (right) and the corresponding Chemdraw (left). 
The thermal ellipsoids are represented at 25 % probability. The H-atoms are not shown 
for clarity. Selected bond distances: C=C, 1.187(13), C=N, 1.269(11) A. 
Ligands 5 and 6 were also prepared in the same manner as for 3 and 4 (Scheme 2). 
Both compounds were characterized by X-ray techniques (Figure 4). These structures 
reveal the a«/7-conformation in both cases and exhibit angles between the phenyl and 
quinone diimine mean planes of 55.15 and 69.38° for 5 and 6, respectively. The smaller 
interplanar angles indicate that there is less steric hindrance and so less "torsion" on the n 
system in comparison with the ortho substituted species. These X-ray data also reveal 
that the fluoride substituants induce even less torsion than the methoxy groups. 
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Figure 4. ORTEP representations of 5 (left) and 6 (right). The thermal ellipsoids are 
represented at 25 % probability. The H-atoms are not shown for clarity. Selected bond 
distances; 5: C=C, 1.193(8), C=N, 1.296(9) A; 6: C=C, 1.190(8), C=N, 1.274(6) A. 
Imine formation in 3-6 and 4' is evidenced by the shorter C=N distance (ranging 
from 1.23 to 1.31 A; X-ray) and the presence of broad UV-vis band in the 500-700 nm 
range giving the red to purple color in these materials. This color is very diagnostic since 
the most probable side product is the corresponding reduced diamine, which is white.12 
Synthesis of the cyclic model compound 7 and reaction with cis-Pd(PEti)2Cl2. 4 reacts 
with cz,s'-Pt(PEt3)2Cl2 in the presence of a base and Cul to form complex 7 and other small 
.31 
oligomers 7' (GPC) as verified by P NMR of the crude product (Scheme 3). 
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/ = c/s-Pt(PEt3)2Cl2, Cul, CPOzNH, CH2CI2 
Scheme 3 
After separation, this complex 7 was characterized by X-ray crystallography 
(Figure 5). The starting Pt-containing complex in its ds-geometry turns out to be well 
adapted to coordinate ortho-ligmd 4, in its ^^-conformation. This compound represents 
a rare example where the cw-geometry about the Pt(II) atom was used. Indeed, the trans-
geometry is more often encountered (as indicated in references 26 to 28), but some 
examples of cw-coordination also exist.13 The presence of ring stress is noted in complex 
7 as evidenced by the deviation of the quinone diimine N=C6(OMe)4=N ring from 
planarity. The angle formed by the C=N axis and quinone diimine C6-skeleton planes is 
7.79°. The separable complex 7 (by column chromatography) also represents a model 
compound for cw-Pt-containing materials (polymers) readily identifiable from the 31P 
NMR signature (5 = 8.7 ppm and ^ P - ^ P t ) = 2225 Hz (in CD2C12)). The 71 plane angle 
between the quinone diimine and phenyl rings is 61.40°. GPC indicated that the separated 
oligomers were primarily composed of very small oligomers of 2 and 3 units long. 
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Figure 5. ORTEP representation 7. The thermal ellipsoids are represented at 25 % 
probability. The H-atoms are not shown for clarity. Selected bond distances and angles: 
Pt-C, 1.928(30), Pt-P, 2.308(13), C=C, 1.31 (4), O N , 1.27(5) A; <PPtC = 87.2(9)°. 
The oligomers may also consist of a mixture of compounds anti- and sjw-ligand 
of the precursor, where the anti-form promotes polymerization whereas the syn-form 
promotes the chelation, respectively. The presence of oligomers is also consistent with 
other literature works on Pt(II)-containing trimers, tetramers and higher oligomers.1 '15 
Attempts were also made to generate Pd-containing complexes and polymers 
analogous to 7 and 7'. Cz's-Pd(PEt3)2Cl2 reacts with 4 in presence of Cul knowing that C-
C coupling could occur (Scheme 4). The compounds 8 and 9 were characterized by X-ray 
techniques (Figure 6) and other oligomers were also detected in the GPC traces (n = 2, 3). 
i = c*s-Pd(PEt3)2Cl2, Cul, CPr)2NH, CH2C12 
Scheme 4 
H 




Compound 8 is formed by C-C coupling as anticipated. The reaction mechanism 
should proceed through a Pd-containing precursor with a structure similar to that of 7 
where the macrocycle exhibits the appropriate cw-orientation for C-C coupling. It is 
reasonably anticipated that the existence of this macrocycle precursor stems from ligand 
4b (syft-conformer) and cw-Pd(PEt3)2Cl2. Moreover, the characterization of compound 8 
corroborates the presence of the .sy^-conformer for spacer 4 while the aw/7-conformer is 
evidenced by the structure of the binuclear complex 9. This latter complex is interesting 
because a cis/trans isomerization took place, which is rare but not unprecedented.16 This 
isomerisation was not observed for the Pt-containing materials. Interestingly, 9 also 
represents a model for the Pt-containing polymers built upon an or^o-substituted spacer 
and a /ram'-metallic fragment (noted as ortho/trans). Based on this structure, the 
synthesis of ortho/trans polymers is possible from the extension at the chloro-positions. 
For 9, the interplanar angle between the phenyl and quinone planes is 84.78°. The 
imine functions are also evidenced by the short N=C distances (1.28 A). This rather large 
angle (-85°) makes conjugation difficult through the 7i orbitals. The angle made by the 
aryl and the Pt(PEt3)2(CC)2 planes is 81.47°. 
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Figure 6. ORTEP representations of 8 (left) and 9 (right). The thermal ellipsoids are 
represented at 25 % probability. The H-atoms are not shown for clarity. Selected bond 
distances and angles; 8: C=C, 1.204(8), C=N, 1.278(6) A; 9: Pd-P, 2.297 (6); Pd-Cl, 
2.341(6), O C , 1.204(8), C=N, 1.278(6) A; <PPdCl, 89.3(2), < PPdC, 92.0°. 
Syntheses of the oligomers and polymers. The synthesis of polymers 10-12 proceed the 
same way as mentioned for 7 (Scheme 5). The nature of the coordination geometry about 
the Pt atom is confirmed by 31P NMR by comparison with the diagnostic chemical shifts 
of the model compounds 1 and 2 for polymers 10 and 12 (8 is in the 15 ppm range) and 
compound 7 for polymer 11 (5 is in the 8.5 ppm range). Similarly, the 1:1 ratio of ligand 
and Pt-containing starting material in the polymers is confirmed by !H NMR (using the 
integrated signals for Me vs Et). Stand-alone films were obtained for 10 (SI) and 11. The 
striking feature is the polydispersitity of the crude polymers based on the GPC traces in 
which small oligomers all the way to large polymers are detected, notably for 10 and 11. 
Fractionation is performed by precipitating the polymers 10-12 out of a concentrated 
CH2CI2 solution using diethyl ether as the poor solvent. For comparison purposes, the 
fractions of oligomers separated for the reaction of Scheme 3, which are noted as 
"oligomer 7' (anti-ortho-cis)", were also investigated. These oligomers and precipitated 
polymers 10-12 exhibited Mn ranging from 3600 to 32400 (Table 1). From this analysis, 
we observe that the molecular weight has a tendency to get higher with more linear 
building-block ligands. The trend is that both Mn and Mw vary as cis < trans and ortho < 
para and may reflect the steric hindrance and geometry twist effects. Also, this steric 
137 
hindrance may slow down the growth process of the polymer. No attempt was made to 
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Table 1. Molecular weight determination of the polymers 10-12. 
















a) GPC against mono-dispersed polystyrene standards, b) Measured after fractionation, 
which consisted of precipitation diethyl ether, c) The values in brackets are the average 
number of units in the chain obtained by dividing Mn by the molecular weight of a 
repetitive unit, d) Portion separated from the reaction presented in Scheme 3 by column 
chromatography. 
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The thermal stability was > 300°C in all 3 cases (SI), whereas the small oligomers 
(primarily composed of dimers and trimers separated from compound 7 using column 
chromatography) exhibited weight loss between 100 and 200°C. For polymers 10 and 11, 
a glass transition was detected at -147 °C (SI) and at 142 °C, respectively. 
Electrochemical oxidation properties of the oligomers and polymers. 
N,N'-diphenylquinone diimine exhibits oxidation processes in its protonated form 
only.6b"d'17'18 PhC=CH exhibits an irreversible large oxidation wave in the CVs (cyclic 
voltammograms; 1.5-2.0 V vs Ag/AgCl).19 This irreversibility is due to the presence of a 
radical-type polymerization process forming polyphenylacetylene.19 The CV of the 
ligands, model compounds and polymers (SI) and the observed oxidation and reduction 
peaks are reported in Table 2. The CV of the fr"am,-PhC=CPt(PEt3)2C=CPh was also 
studied and compared well with the literature.20'21 This compound exhibits an irreversible 
oxidation peak at -1.2 V vs Ag/AgCl and 1.43 ± 0.21 electron was transferred in a 
benzene/acetonitrile mixture.21 This irreversible oxidation peak was also observed by us 
at 1.17 V vs SCE in acetonitrile (+0.1 M TBAPF6) with 1.1 ± 0.2 transferred electron. We 
do not have an explanation for this small difference except that a weak irreversible peak 
was also noted at 0.97 V vs SCE (also seen in the other samples) corresponding to about 
0.2 electron based upon a comparison of the peak height. The purity was checked by lH 
NMR. A chemically reversible but electrochemically irreversible reduction wave was 
also noted. The cathodic and anodic peaks for this reduction process are very broad. 
The CVs for 1 and 2 show a series of irreversible oxidation peaks in the same 
window as for ?ram,-PhC=CPt(PEt3)2C=CPh but two differences are observed. First, the 
number of peaks increased in the 1-1.5 V window and the peaks are shifted to lower 
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Table 2. Observed electrochemical waves1 
Compound Oxidation Reduction 
/rara-Ph-C=C-PtEt2-C=C-Ph 0.97 (ir), 1.17 (ir) -0.62/-1.06b 
1 ~1.0 (ir), 1.11 (ir) -0.32 (ir), -1.74 (ir) 
1.42 (ir), 1.82 (ir) 
2 0.90 (ir), 1.06 (ir) -1.09 (ir) 
1.46 (ir), 1.70 (ir) 
3 1.06 (ir) weak -0.58 (ir), -1.15/-1.09 
5 -0.58/-0.37b,-1.20/-0.72b 
7 0.77 (ir) 1.00 (ir), 1.42/1.25b 
10 0.67 (ir), 1.16/1.0lb 
11 0.60 (ir), 0.96 (ir), 1.26 (ir) 
12 0.51 (ir), 0.68 (ir), 1.12 (ir) -1.06 (ir.) 
a) Volts vs SCE; ir = irreversible (i.e. no return wave), b) Electrochemically irreversible 
as the difference between the anodic and cathodic waves exceeds 60 mV. 
potentials. Both observations are due to the methyl group donating inductive effect of the 
rendering the phenyl groups easier to oxidize. This is well exemplified by the shift of the 
1.17 V peak (of ^aw-PhC=CPt(PEt3)2C=CPh ) down to 1.11 and 1.06 V vs SCE for 1 
and 2, respectively. The presence of peaks at 1.42 and 1.46 V for 1 and 2 may also arise 
from a shift of a higher potential peak (presumably above the 1.5 V limit used for the 
comparison molecule, frvmy-PhC^CPuTEts^C^CPh). Coulometry for 2, reveals that the 
number of transferred electrons is 1.1, 1.4 and 1.1 ± 0.2 for the peaks located at 1.06, 
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1.46, and 1.70 V, respectively, consistent with their relative height and that observed for 
/rara-PhC=CPt(PEt3)2C=CPh. 1 and 2 exhibit broad and ill-defined irreversible reduction 
peaks. Fractional numbers of transferred electrons were also noted for the reductions and 
were not studied further. All in all, 1 and 2 exhibit multiple irreversible waves in the 0.9-
1.82 V range and are used for assignment purposes with the polymers. 
The bis(ethynylbenzene)quinone diimine compounds 3 and 5 exhibit two sets of 
reduction waves only in the -0.37 - -1.20 V range. The peaks of 3 are found irreversible. 
For 5, the peak at -0.48 V appears reversible. The peak at -0.96 V shows a very slow 
electron transfer. Hence, these model compounds exhibit low potential reduction peaks, 
totally consistent with the assignment for being an electron acceptor. 
Compound 7 exhibits three irreversible peaks resembling that of 1 and 2, allowing 
one to assign the oxidation to the PhC=CPt(PEt3)2C=CPh unit. A quantity of 1.0 ± 0.2 for 
both peaks at 1.00 and 1.42 V are transferred again consistent with the findings for 1 and 
2. Polymers 10-12 exhibit two or three peaks on the oxidation side, but the signals are ill-
defined and located at lower potentials, consistent with an extended conjugated polymer 
where the wave widths are associated with polydispersity. Compound 7 and polymer 11 
exhibit irreversible ill-defined reduction peaks and were not investigated further. 
Analysis of the frontier orbitals and UV-vis spectra. 
An earlier report on the bimolecular charge transfer interactions between 7,7,8,8-
tetracyanoquinodimethane (TCNQ) with a series of trans-Ft(PRs)2(C^CR,)2 complexes 
(R = Me, Et, Pr, Bu; R' = H, CH2=CH, MeC=C, Ph) exits.22 The purple 1:1 adducts 
exhibit an absorption in the 506-555 nm range in the UV-vis spectra similar to our 
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polymers. The authors deduced that the electron was donated from the alkynyl fragment 
to the TCNQ unit. These findings provide interesting clues for the investigated systems. 
The UV-vis spectra and MO descriptions (DFT and TDDFT) of the parent 
compounds fr-<m?-PhC=CPt(PR3)20CPh (R = Et, Bu, Ph) to the models 1 and 2 were 
previously studied throughout the literature.414'23"25 Only a brief account of the relevant 
information is provided below. The complexes exhibit strong lowest energy absorption 
bands between 320 and 340 nm. For example, for R = Ph, these are found at 330 (sh; s = 
43600) and 337 nm (s = 44900 NfW 1 ) . 2 3 Reported DFT results (B3LYP) for trans-
PhC=CPt(PBu3)2C=CPh indicated that the HOMO is composed of conjugated 7i-orbitals, 
which include contribution from the Pt(dxy) orbital, while the LUMO consists of the 
ligand n* orbitals only.4k Thus the lowest energy excitation is a mixture of nn* and 
MLCT (metal-to-ligand-charge-transfer). This assignment is corroborated by the 
difference in band shape between the complex (broad) and the free ligand (as PhC=CH; 
narrow absorption). However, recent computational report (TDDFT) pointed out that this 
first excitation is a mixture between two contributions, which are nn* (59 %) similar to 
that described above (i.e. with a MLCT character) and LMCT (32 %; also primarily Tin*). 
These two transitions arise from two different vertical but nearly degenerated excitations 
(difference only 0.04 eV; cj>g—>tpu* and (|)u—»(|)g*; where (j)g and (j)u and §g* and (j)u* are n-
and re*-orbitals, respectively, and the "g" orbitals include the Pt(dxy) orbital). These more 
recent analysis better corroborates our results and our experimental observations for 1 
and 2. It is not clear whether the strong absorptions are MLCT or LMCT since the 
LUMO implies the complete molecules including the ligands and the metal. 
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The nature of the frontier MOs is addressed by DFT and the transition energies 
and oscillator strength by TDDFT. The crystal structure data of 1, 2, 4, 6 and 7 were used 
as input files for all calculations. The frontier MO drawings are shown in Figure 7. 
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Figure 7. Representations of the relevant frontier MOs for 1 and 2. 
The HOMO for 1 and 2 exhibits atomic contributions spreading from the aryl %-
system to the 7t-systems of the ethynyls to the Pt d orbitals. However the LUMO for 1 
and 2 differ greatly. For 1, the electronic density is primarily concentrated about the Pt d 
and % C=C with almost no contribution on the mesityl residue. Conversely, the LUMO 
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for 2 exhibit an electronic density spreading from the Pt d orbitals to the 7i-system of the 
aryl group, indicating a longer electronic delocalisation. All in all, the orientation of the 
aryl groups with respect to PtP2(C=C)2 plane (83.0° for 1 and 29.8 ° for 2 defined as Al in 
Chart 4) clearly play an important role on the nature of the LUMO. Figure 7 also shows 
representations for the relevant HOMO-1 and HOMO-2 for 1. The HOMO-1 is composed 
of the 7i-system of the ethynylaryl fragments with some contribution of the lone pair of 
the P-atoms. No contribution is computed for the Pt metal. The HOMO-2 is composed 
primarily of the 7t-systems of the ethynyl linkers and the Pt d orbitals. 
Chart 4 
Four electronic transitions are possible from the MOs presented in Figure 7 (3 for 
compound 1, and 1 for compound 2). These are all MLCT transitions, consistent with 
previous finding for the ^ra«j,-PhC=CPt(PBu3)2C=CPh complex. The computed oscillator 
strength for HOMO—>LUMO transition for 2 is 0.70, and the calculated wavelength is 
314 nm (the experimental value is 330 nm (s = 118 000 M'^m"1); in Table 3. In 1, the 
HOMO—>LUMO transition exhibits an oscillator strength of 0.02 meaning that this 
contribution to the intensity is minimal. On the other hand, HOMO-2—»LUMO transition 
exhibit a calculated oscillator strength of 0.13 and a wavelength of 314 nm (the 
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Table 3. UV-vis data for model compounds and polymer 10-12.a 










270 (43600), 312 (sh), 322 (20000) 
266 (154 000), 286 (sh), 330 (118 000) 
240(38800), 318 (48500), 476 (3440) 
260 (23400), 320 (38900), 480 (4200) 
266 (25381), 314 (41200), 514 (2100) 
240 (38300), 310 (40000), 510 (2500) 
350(59300), 560(13700) 
330 (28300), 540 (5900) 
265 (28000), 314 (40200), 535 (2700) 
a) In 2 MeTHF at 298 K. 
experimental value is 322 nm (s = 20 000 M^cm"1)). The relative amplitude of the 
oscillator strengths for 1 and 2 corroborates well the observed absorptivities. These 
computations, again, stressed the importance of the angle made by the aryl group and the 
PtP2(C=C)2 planes (Al). For comparison purposes, the geometry optimization of 1 and 2 
were performed and the positions of the associated MLCT bands were calculated (SI). 
The calculated Al and XmsK are 73.9° and 61.7°, and 327 and 331 nm for 1 and 2, 
respectively. Despite the large change in Al value (29.8° (X-ray) vs 61.7° (optimized 
geometry)) for 2, these red-shifted calculated Xmax values still agree with the 
experimentals (327 vs 322 for 1, and 331 vs 330 nm for 2), illustrating the good 
electronic "communication" ot the ethynyl bridge. 
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The para-substituted ligand 6 was analyzed by TDDFT (using the available X-ray 
data) as a representative example of the isolated ligand and the frontier MOs are shown in 
Figure 8. The HOMO is composed of all C(px) and N(px) atomic orbitals extending from 
one ethynyl residue to the other, with the exception of the methyl groups, stressing the 
obvious conjugation across the ligand, despite the angle of 69.4° made by the phenyl 
groups and the quinone diimine ring (defined as A2 in Chart 4). Conversely, the LUMO 
exhibits an enhanced electronic density over the quinone diimine segment and shows a 
decrease in atomic contribution on the ethynylphenyl side arms (i.e. practically nil). 
Hence, DFT calculations predict a lowest-energy electronic transition corresponding to a 
charge transfer process (CT) ethynylphenyl —• quinone diimine. 
HOMO LUMO 
Figure 8. HOMO and LUMO for ligand 6 (methyl groups not shown). 
The computed HOMO—>LUMO transition wavelength is 554.8 nm and compares 
reasonably with the observed low energy band spreading from 400-600 nm (?iraax = 480 
nm; e = 4200 M^cm"1). The computed oscillator strength is 0.09 suggesting that the 
electronic transition is of weak intensity, probably because of the 69.38° twist between 
the phenyl groups and the quinone diimine ring (A2). This observation corroborates well 
the observed low absorptivity (e = 4200 M^cm"1; Table 3). Two other absorptions are 
observed at 260 and 320 nm. 
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Prior to discussing the computational results for a model compound for polymer 
10, it is important to state that no X-ray data is available any polymers. Instead, geometry 
optimization is necessary, and in order to make appropriate comparisons, the optimized 
geometry and TDDFT computations for 4, 6, and 7 were also performed (SI). All in all, 
some differences in geometry (angles Al and A2 vary from 5 to 20°) as well as calculated 
0-0 position and oscillator strengths are noted (SI). The general trend is that the computed 
0-0 position is systematically red-shifted for the optimized geometry but these 0-0 
positions do not exceed the tail of the observed CT absorption nor induce a change in the 
observed relative trend. So, the CT assignment remains unchanged whether one uses the 
X-ray or optimized geometry for analysis. Similarly, the incorporation of solvent 
molecules (here THF instead of 2MeTHF) also induces a small red-shift of the calculated 
CT 0-0 positions (SI; 20 nm for 6 and 30 nm for 7), but again these values fit with the 
experimental spectra in the sense that these values are located in the tail of the band. 
The frontier MO's for a model compound trans-(ligmd 6)-Pt(PEt3)2-(ligand 6) 
representing a segment of polymer 10 is investigated. The geometry of this model was 
first optimized prior to MO analysis (Figure 9). The angle A2 between the phenyl rings 
and quinone average plane is 49.75° obviously deviating from co-planarity. This effect is 
induced by methoxy streric contacts with the phenyl groups. This angle is 10° less than 
that observed in the ligand alone (6) X-ray structure. However, this angle is also much 
less (-35°) than in the structure model complex 9 (84.78°) built from an ort/zo-substituted 
ligand and supports the stated above tendency that the ortho-ligands induces more twist 
to the 7t system than the para does. The angle Al between the Pt(PEt3)2(C=C)2 plane and 
the phenyl rings in 9 is 81.47°, which is closer to model complex 1 (83.0°) than 2 (29.8°). 
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Figure 9. Frontier MO's for the model compound fr-<ms,-(ligand 6)-Pt(PEt3)2-(ligand 6). The 
respective MO energies are from bottom to top: -0.181, -0.176, -0.097, -0.096 (degenerated), 
-0.018, -0.016 a.u., respectively. 
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The frontier MOs are presented in Figure 9. The HOMO is composed of C(px) and 
N(px) atomic orbitals extending from one ethynyl residue to the other, including some 
Pt(dxy) orbital, securing contact all across the chain, even though the planes deviate from 
planarity. This MO bears close similarities with those described above (i.e. (j)g and §u). 
The LUMO is composed of C(px) and N(px) primarily localized in the quinone diimine 
segment. Thus, the computed lowest energy transitions is also CT excitations 
(PhC=CPt(PEt3)2C=CPh —> quinone diimine). The resemblance of the UV-vis spectra of 
ligands 4 and 6 with that of the polymers 10-12 and compound 7 strongly supports this 
assignment. TDDFT calculations predict that the 0-0 absorption is placed at 660 nm (with 
an oscillator strength of 2.10), which appears reasonable considering that the observed 
CT absorption spreads from 450 to 700 nm. Also, the computed oscillator strength 
appears a little more than 1 order of magnitude larger than that computed for 6 above 
(0.09). This observation is consistent with the effect of the angle A2 between the phenyl 
and quinone diimine average planes on the absorptivity (Table 4). For example, the angle 
A2 (49.8°) computed for the optimized trans-(ligand 6)-Pt(PEt3)2-(ligand 6) complex, 
representing a fragment of polymer 10, is smaller than that observed for the compound 6 
(X-ray; 69.4°). Experimentally, the measured absorptivity of the CT band of polymer 10 
is ~3 folds larger (13700) than that found in ligand 6 (4200 N f W 1 ) . 
Complex 7 was also investigated by DFT methods using the X-ray data. The 
similarity in shape of the UV-vis spectra with the polymers and ligands strongly suggests 
that the lowest energy excited states are CT states as well. The MO representations for 
the frontier MOs, notably LUMO, HOMO-1 and HOMO are available in the SI. Both 
filled orbitals exhibit the usual C(px) and N(px) contributions all across the conjugated 
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Table 4a. Comparison of the calculated and experimental absorption maximum with the 
structural parameters Al and A2 presented in Chart 4 using X-ray data.a) 
Compound A2 Al Cald. 0-0 position in nm Exp. XmSK in nm Nature of the 








































a) All angles are from X-ray data, except for 10 (DFT; also see SI). 
Table 4b. Comparison of Xmsx absorption with the molecular weight. 


















loop. The HOMO also exhibits some Pt(dxy) contributions stressing the obvious similarity 
with the model compounds and ligand 6 computed above. The LUMO exhibits atomic 
contributions (also C(px) and N(px)) mainly localized on the quinone diimine residue. 
Thus, the computed lowest energy excitation is also a CT transition despite the cis-
geometry of the metal. In this case, the ring stress makes the parameter A2 (61.4°) less 
adequate for efficient CT process (i.e. less allowed) than polymer 10 for example. Indeed, 
TDDFT predicts that the HOMO—>LUMO absorption band should be placed at 551 nm; a 
calculated value that is blue shifted in comparison with that computed for 10 (660 nm). 
Moreover, small oscillator strength of 0.04 is computed (in comparison with 2.1 for 10). 
These comparisons corroborate the observed values (A,max = 514 nm and s = 2100 M^cm"1 
for complex 7, and A,max = 560 nm and s = 13 700 M^cm"1 for polymer 10). 
The comparison of the Xmax going from spacers 4 and 6 to compound 7 to the 
oligomers and polymers length 7', 10-12 reveals a trend. When the it system extends, the 
absorption band is red-shifted. The trend follows that of the molecular weight (Tables 1 
and 4b), 4 = 6 < 7 < 12 < 11 < 10 with XmaK = 476, 480, 514, 535, 540, 560 nm 
respectively. This comparison demonstrates the conjugation along the polymer backbone. 
Moreover, the values of the absorption coefficient are clearly function of the 7i-orbitals' 
alignment (parameters Al for the MLCT and A2 for CT); the more aligned the 7i-orbitals 
the more intense the absorption bands are. To out knowledge, such detailed analysis of 
the structural parameters of the polymer chain on the optical properties is unprecedented. 
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Photophysical properties. 
For all compounds and polymers, no emission is detected in solution and in the 
solid state at 298 K, except for the compounds 1 and 2, and spacer 4, and 6. On the other 
hand, all compounds and polymers except 10, exhibit luminescence in 2MeTHF at 77K. 
1- The model compounds 1 and 2. The /ra«5,-PhC=CPt(PBu3)2C=CPh compound exhibits 
fluorescence with a 0-0 localized at 346 nm at room temperature in methylcyclohexane 
with a fluorescence quantum yield (Op) < 0.0006.4" In this work, this weak fluorescence 
for this compound is also detected at the same spectral position using 2MeTHF as the 
solvent. Similarly, a weak fluorescence with a 0-0 peak at 356 nm was also detected for 2 
in degassed 2MeTHF at 298 K (Figure 10). These two Xmax are blue shifted with respect 
to Pt(dppe)(C=C-/?-C4H4R)2 (^max=450 nm; dppe = Pl^PCF^CFfePPha; R = Me, C=CH),4g 
which exhibit the dppe-directed cw-conformation. The fluorescence lifetime (XF) for 2 is 
< 0.1 ns, the detection limit of our instrument, consistent with the weak intensity. 
250 300 350 400 450 500 
Wavelength (nm) 
Figure 10. Fluorescence (right) and absorption spectra (left) of 2 in degassed 2MeTHF at 
298K. Xexc = 322 nm. 
No phosphorescence is detected at 298 K for ?rara-PhC=CPt(PBu3)2C=CPh,4n 1 
and 2, but the triplet excited states can still be accessible from Ti-Tn absorption. For the 
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former compound, the reported Ti-Tn band is located in the 400-650 nm range with a 0-0 
peak placed at -645 nm. The transient lifetime is 590 ± 150 ps.4n Our instrument limit 
(laser pulse width of 13 ns) did not allow us to reach this time scale, so the study was 
performed at 77K, a temperature where the triplet excited state lifetime is long enough. 
600 650 700 750 800 
Wavelength (nm) 
Figure 11. Transient absoption spectrum for 2 in 2MeTHF at 77 K in the 600-800 nm 
window recorded after 150 p,s after the laser pulse. The excitation wavelength is 355 nm. 
Figure 11 exhibits the transient absorption located at 735 nm for 2 resembling that 
of fr-ara,-PhC=CPt(PBu3)2C=CPh. The former species exhibits a triplet lifetime of 48 ± 5 
|is, a lifetime that compares favourably to that of the phosphorescence below (49.9 ± 0.3 
(is) confirming the triplet nature of the transient species, so it is a Ti-Tn absorption. For 
better comparison, the transient spectra of fr-ara'-PhC=CPt(PBu3)2C=CPh was recorded 
and the transient band was seen at about 725 nm, similar to that of compound 2. 
Both 1 and 2 are phosphorescent in 2MeTHF at 77 K (Figure 12). The emission 
bands show the typical vibronic progression known for this class of compounds.41c The 
assignement for the phosphorescence for 1 and 2 is MLCT based on the MO description 
of Figure 7 and the TDDFT described above. The photophysical datra are summarized in 
Table 5. Compounds 1 and 2 exhibit tp's of -85 and 50 |is, respectively, longer than that 
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Table 5. Photophysical data at 77 K. 
Compound Xem (nm) 
F = fluorescence, P — phosphorescence 
xF(ns) and xP((as) Op O F 
(±10%) (±10%) 
365(F), 436(P), 466sh(P) 
4 373(F), 420sh(P), 455sh(P) 
1 405(F), 440(P), 470(P), 482(P) 
2 446(P), 478(P), 493(P), 51 Osh(P) 
7 370(F), 444(P), 450sh(P), 475(P)487sh(P) 
T 400 (F), 438 (P), 450sh (P), 470 (P), 480 
(P), 500 sh (P) 
11 395 (F), 465 (P) 
12 420 sh (F), 444 sh (P), 455 (P), 488 (P), 503 
(P) 523 sh (P) 
TF = 0.78 ± 0.02 
TP = 25 ± 2 
TF = 0.51 ±0.04 
xP = l . l±0.2(85%) 
and 11.6 ±0.6 (15%) 
a 
TP = 85.2 ±0.5 
TP = 49.9 ±0.3 
a 
TP = 40.1 ±5.6 








a 0.0033 0.0003 
TP = 40.2 ±3.4 (80%) 
and 92.7 ±3.4 (20%) 
a) Either too weak to be measured or too short-lived for our instrument (TF < 0.1 ns). b) The 
fluorescence and phosphorescence quantum yields are not measured. Since the phosphorescence is very 
weak, the value was placed in the column of the fluorescence, c) The weak fluorescence signal was 
strongly covered by the phosphorescence that it was not possible to accurately measure OF. 
for the /rara-PhC=CPt(PBu3)2C=CPh (35.0 ± 1.3 us in 2MeTHF at 77 K; this work). This 
trend follows the number of methyl groups located at the ortho-positions (TP varies as 2 > 
1 > 0), and may reflect the relative ease for the aryl groups to rotate about the Pt-C=C-Ar 
axis. This motion may contribute to the non-radiative relaxation to the ground state. A 
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weak fluorescence was also detected for 1 at ~ 405 nm, but its weak intensity prevented 
accurate measurements of XF and O F . We also proposed a MLCT fluorescence. 
250 350 450 550 650 250 350 450 550 650 
Wavelength(nm) Wavelength(nm) 
Figure 12. Phosphorescence spectra (in blue) of 1 (left) and 2 (right) in 2MeTHF at 77 K. 
The absorption (black) and excitation spectra (red) superimpose well. 
2- The spacers 4 and 6. These spacers are fluorescent at 298 and 77 K in 2MeTHF and 
also phosphorescent at 77 K in 2MeTHF (Figure 13). These emissions are assigned on the 
basis of the small Stoke shift observed at 77 K and the short emission lifetimes for the 
short wavelength luminescence, and the large Stoke shift and longer lifetime for the long 
wavelength features (the data available in Table 5). The 298 K fluorescence of spacer 6 is 
very broad and red shifted (445 nm) with respect to the 77 K spectrum (365 nm) and the 
excitation spectra match reasonably the absorption feature at 300 nm in both cases. We 
have no explanation for this difference except to suspect that a change in conformation in 
the excited state is at the origin of this phenomenon. The fluorescence lifetime for 4 and 6 
at 298 K were too short to be measured on our instrument (i.e. < 0.1 ns). 
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Wavelength (nm) Wavelength (nm) 
Figure 13. Phosphorescence spectra (in blue) of 6 (up) and 4 (down) in 2MeTHF at 298 K 
(left) and 77 K (right). The fluorescence and phosphorescence are indicated with F and P, 
respectively, for the 77 K spectra. On some occasions, the excitation spectra did not 
match perfectly the absorptions. 
Spacer 4 exhibits a single fluorescence and single phosphorescence band at 77 K 
suggesting that either the syn- and anft'-isomers emit at the same wavelength, or one is 
more luminescent than the other. The fact that a double exponential is observed in the 
decay traces indicates that indeed both isomers may be detected. 
The striking feature is that the observed emissions at both temperatures are blue-
shifted with respect to the CT absorption (ethynylphenyl —> quinone diimine) of the 
spacer. No emission was detected all the way down to 850 nm, the limit of our instrument 
using excitation going from 300 to 550 nm. This observation indicates that both the 
fluorescence and the phosphorescence arise from upper excited states in these conjugated 
molecules (i.e. Sn—»S0 and Tn—>S0), violating the Kasha's rule. Such a property is 
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relatively rare and may be due to poor 7i-orbital overlaps between the ethynylbenzene and 
the quinone diimine fragment as deduced from the large interplanar angle. In other words, 
despite conjugation the spacers act independently in the excited state, somewhat 
corroborating the highly localized LUMO and LUMO+n seen for 6, 7, /rara-(ligand 6)-
Pt(PEt3)2-(ligand 6). Also, even considering that the fragments are not electronically 
communicating by conjugation (if this were the case) such as dyads, the lack of emission 
quenching by either singlet or triplet electron or energy transfers is also unusual. 
Attempts were made to measure the triplet-triplet absorption spectra, notably 
associated with the CT states (as the xp values were large enough at 77K), but were 
unsuccessful. The presence of N2 bubbles in the Dewar assembly due to the presence of 
high energy laser induced large light scatterings. No signal could be detected. 
3- The model compound 7. and oligomers and polymers 7\ 10-12. These materials are 
not luminescent at 298 K in the solid state or in solution. However at 77 K using 
2MeTHF as the solvent, two emissions attributable to fluorescence and phosphorescence 
(MLCT) similar to that of compounds 1 and 2 and platinum-acetylide oligomers of the 
type Ph(-C=C-Pt(PEt3)2-C=C-C4H4-)nH,23 were observed for 7, 7', 11 and 12 (Figure 
14), whereas no emission was observed for polymer 10. The TF values turned out to be 
shorter than the limit of our instrument (< 0.1 ns). The spectra were measured at low 
concentrations where no change in the spectral and photophysical properties occurred. 
Several striking features are noticed. First, the magnitude of Op follows that of Mn 
reported in Table 1 (Op; T (0.033) > 12 (0.030) > 11 (0.0033) > 10 ( O P < 0.0001)). This 
trend is consistent with an increase non-radiative deactivation rates as the molecular size 
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increases via the well known "loose bolt" effect (higher density of vibrational levels 
through which non-radiative relaxation can take place).27 On the other hand, the 
measured xP's for 7', 11 and 12 (ranging from 40 to 125 |0.s) are in the same order of 
magnitude as the mononuclear model compounds 1, 2 and 7 (40-85 (o.s). This 
phenomenon is explained by the fact that the decay traces are dominated by the most 
intense emission arising from the longest lived species, which is of very low molecular 










350 450 550 650 750 200 300 400 500 600 700 
Wavelength (nm) Wavelength (nm) 
Figure 14. Phosphorescence spectra (in blue) of 7, 7', 11 and 12 in 2MeTHF at 77K. The 
absorption (black) and excitation spectra (red) superimpose somewhat. 
The most notable feature is the lack of low energy emission below the CT (500-
650 nm) for the oligomers and polymers. Based on the study of spacers 4 and 6, this 
behavior is related to the properties of the spacers. Despite conjugation detected by UV-
vis spectroscopy and corroborated by DFT calculations, the lack of communication in the 
excited state as suggested the LUMO (Figure 9) makes the /rans-PhC=CPt(PEt3)2OCPh 
158 
fragment and quinone diimine residue acting as two weakly interacting chromophores in 
the excited states. Thus, this behaviour provides the possibility of upper excited state 
fluorescence and phosphorescence (Sn—>So and Tn—>So) arising from the trans-
PhC=CPt(PEt3)2C=CPh unit. This property is common to all investigated materials (7, 7', 
11 and 12). The only exception is polymer 10 for which no reliable emission is detected. 
To our knowledge, such a phenomenon is unprecedented in conjugated polymers. 
Moreover, one can also preclude the presence of efficient triplet-triplet energy 
transfer (from the cis- or fr*<ms,-PhC=CPt(PEt3)2C=CPh unit to the quinone diimine 
fragment) as the Tp's for the donor (here the cis- or /r<ms,-PhC=CPt(PEt3)2C=CPh 
chromophore assigned on the basis of the absorption and phosphorescence maxima), 
remain little affected in the polymers. This observation is consistent with the conclusion 
that these units do not communicate efficiently in the excited states. 
During the course of this investigation, delayed fluorescence was observed readily 
detected from time-resolved spectroscopy in the u.s time scale (SI) where both the 
phosphorescence and fluorescence decay at the same rate with delay times (i.e. the 
fluorescence/phosphorescence intensity ratio is constant). An investigation of the steady 
state emission spectra vs concentration (SI) showed that the fluorescence/ 
phosphorescence intensity ratio was indeed function of the latter, first suggesting the 
presence of aggregations at 77 K, but also allowing one to assign the mechanism of 
delayed fluorescence to Ti + Ti —* Si + So. The presence of aggregation also explains 
why no linear correlation between the intensity of the delayed fluorescence and the 
square of the concentration was observed. 
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Conclusion 
A novel class of organometallic conjugated polymers were prepared and 
characterized in detail. These new materials are built upon two chromophores; the cis-
and fr-am,-PhC=CPt(PEt3)2C=CPh unit and the quinone diimine, often used as a building 
block for models of polyaniline. The key feature in this work is that the structural 
parameter A2 (Chart 4), directed by intramolecular steric interactions, controls or 
explains the variation of the Mn (and Mw), and the CT absorptivities in the title polymers. 
Incidentally, the position of the CT band is also function of Mn, and so, is indirectly 
function of the angle A2. Despite the obvious conjugation in the ground state, the two 
chromophores do not communicate efficiently in the excited states. This property 
provides the possibility of observing localized excited states. For this reason, upper 
excited state emission arising from the cis- or ^ra«5-PhC=CPt(PEt3)2C=CPh units are 
detected. This interesting phenomenon may well be associated with the large interplanar 
angles between the -C=CPh residue and the quinone diimine An unpublished geometry 
optimization by DFT calculations performed on the protonated (+ 4 H+) model compound 
trans-(ligand 6)-Pt(PEt3)2-(ligand 6) (where the H+ are placed on the N-atoms) shows that 
the structure of the resulting compound is totally planar and delocalized. In addition, the 
protonated versions of ligands 2, 3, 4 and 5 in the presence of acids exhibit reversible 
oxidation waves. Based on these observations, the reported polymers in this work may be 
potential candidates for the design of novel conducting polymers resembling that of an 
organometallic version of polyaniline. Future works in this area are in progress. 
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 /OEt , 
EtO/ OEt 
SiMe3 
ii = K2C03l CH3-CH2-OH 
Bis(ortho-ethynylbenzene)-2,3,5,6-tetraethoxyquinom diimine (4') 0.0922 g (0.176 
mmol) of 3 was placed in a 250 mL round-bottomed flask and 7 g of K2CO3 was added to 
the flask as well as 180 mL of CH3CH2OH. The reaction was stirred under Ar overnight 
until the solution had become orange. The excess K2CO3 was filtered and the remaining 
solvent was evaporated and the product then dissolved in CH2CI2 and washed 3 times 
with water. The DCM solution was then dried with K2CO3 and filtered. Red crystals were 
obtained by slow evaporation a CH2C12 solution. Yield: 38% (0.0322). 1HNMR 8 
(CD2C12): 7.42 (d, 4H, CH aro., JH-H= 7.75); 7.27 (t, 4 H, CH aro., 3 J H .H= 7.70); 6.96 (t, 
4H, CH aro., 3JH.H= 7.57); 6.72 (d, 4H, CH aro., JH-H= 8.06); 3.81 (broad m, 8H, CH2); 
3.13 (s, 2 H, CH); 1.52 (s, 12 H, CH3) ppm. IR (KBr) 6: 2099 cm'1 (CsC). Anal. Calcd 
for C30H30N2O4 • 0.04 H20 (482.57): C, 74.56; H, 6.27; N, 5.80. Found: C, 74.55; H, 
6.52; N, 5.84. Mass spectrometry (mass m/e): 482 + 2H (M+). 
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Table SI. Crystals data and structure refinements: 
Empirical formula 
Formula weight 




Unit cell dimensions (A) 
Volume (A3) 
Z 
Density (calculated) (Mg/m3) 
Absorption coefficient (mm"1) 
F(000) 






Completeness to theta = 70.04° 
Absorption correction 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness of fit on F2 
Final R indices [I > 2 sigma (I)] 
R indices (all data) 
Absolute structure parameter 
Extinction coefficient 








a =8.950 (7) 
b = 22.465 (10) 











3.94 to 69.95° 
-10<h<10, 0 < k < 2 7 , 0 < l < 
3261 
3261 [R(int) = 0.0000] 
97.6% 
Empirical 
0.1691 and 0.0445 
Full matrix least squares on F2 
3261 / 1 /178 
1.089 
R l = 0.0556, wR2 = 0.1514 












a =12.376 (8) 
b = 10.107 (7) 









0.20 X 0.20 X 0.30 
Yellow 
4.25 to 69.78° 
1 - 1 5 < h < 1 4 , 0 < k < 1 2 , 0 < l < 1 7 
3184 
3184 [R(int) = 0.0000] 
96.8% 
Empirical 
0.1596 and 0.0506 
Full matrix least squares on F2 
3184/0/170 
1.147 
R l = 0.0689, wR2 = 0.2159 












Unit cell dimensions (A) 
Volume (A3) 
Z 
Density (calculated) (Mg/m3) 
Absorption coefficient (mm"1) 
F(000) 






Completeness to theta = 70.04° 
Absorption correction 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness of fit on F2 
Final R indices [I > 2 sigma (I)] 
R indices (all data) 
Absolute structure parameter 
Extinction coefficient 








a = 28.982 (8) 
b = 9.341 (9) 









0.40 X 0.25 X 0.20 
Violet 
2.81 to 74.73° 
- 3 5 < h < 3 3 , 0 < k < l l , 0 < l < 4 1 
8070 
8070 [R(int) = 0.0000] 
92.4% 
Empirical 
0.8138 and 0.7270 
Full matrix least squares on F2 
8070 / 9/500 
0.839 
Rl = 0.0958, wR2 = 0.2079 
R l = 0.3185, wR2 = 0.2763 
Irrelevant 
0.00104 (9) 








a = 8.065 (4) 
b = 10.516(12) 







0.40 X 0.40 X 0.30 
Red 
1.72 to 69.78° 
0 < h < 9 , 0 < k < 1 2 , 0 < l < 3 1 
2189 
2189 [R(int) = 0.0000] 
98.6% 
Empirical 
0.9945 and 0.8048 
Full matrix least squares on F2 
2189/1/294 
0.950 
R l = 0.0648, wR2 = 0.1488 





Table 1. Crystals data and structure refinements (contd.) 
Empirical formula 
Formula weight 




Unit cell dimensions (A) 
Volume (A3) 
Z 
Density (calculated) (Mg/m3) 
Absorption coefficient (mm"1) 
F(000) 






Completeness to theta = 70.04° 
Absorption correction 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness of fit on F2 
Final R indices [I > 2 sigma (I)] 
R indices (all data) 
Absolute structure parameter 
Extinction coefficient 









a = 7.941 (4) 
b = 6.900 (6) 









0.40 X 0.40 X 0.40 
Red 
3.80 to 70.26° 
-9 < h < 9, 0 < k < 8, 0 < 1 < 28 
2328 
2328 [R(int) = 0.0000] 
95.8% 
Empirical 
0.6800 and 0.4400 
Full matrix least squares on F2 
2328/2/330 
1.026 
R l = 0.0617, wR2 = 0.1751 
R l = 0.0863, wR2 = 0.1929 
Irrelevant 
Irrelevant 








a = 5.867 (3) 
b = 5.788 (3) 











2.19 to 70.00° 
-7 < h < 7, 0 < k < 7, 0 < 1 < 49 
2460 
2460 [R(int) = 0.0000] 
95.4% 
Empirical 
0.7976 and 0.9912 
Full matrix least squares on F2 
2460/0/167 
0.921 
Rl = 0.0887, wR2 = 0.2274 
Rl = 0.2223, wR2 = 0.2867 
Irrelevant 
0.0048(11) 
0.265 and -0.262 
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Identification code 6 7 
Empirical formula 
Formula weight 




Unit cell dimensions (A) 
Volume (A3) 
Z 
Density (calculated) (Mg/m3) 
Absorption coefficient (mm"1) 
F(000) 






Completeness to theta = 70.04° 
Absorption correction 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness of fit on F2 
Final R indices [I > 2 sigma (I)] 
R indices (all data) 
Absolute structure parameter 
Extinction coefficient 







a= 11.732 (8) 
b = 7.499 (9) 











3.56 to 70.22° 
- 1 4 < h < 1 4 , - 9 < k < 9 , - 1 6 < l < 
16 
2141 
2141 [R(int) = 0.0000] 
95.2% 
Empirical 
0.9979 and 0.8803 
Full matrix least squares on F2 
2141/1/295 
1.064 
R l = 0.0573, wR2 = 0.1478 
R l = 0.0758, wR2 = 0.1591 
0.0000 (17) 
0.0027 (8) 







a = 9.818 (4) 












2.51 to 70.04° 
-11 < h < 11,0 < k < 13,-21 <1<22 
6396 
6396 [R(int) = 0.0000] 
90.6% 
Empirical 
0.9957 and 0.3639 
Full matrix least squares on F2 
6396 / 0/629 
1.196 
Rl = 0.0970, wR2 = 0.2521 
R l = 0.1118, wR2 = 0.2706 
0.22 (6) 
0.0087 (9) 
3.096 and -2.484 
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Unit cell dimensions (A) 
Volume (A3) 
Z 
Density (calculated) (Mg/m3) 
Absorption coefficient (mm-1) 
F(000) 






Completeness to theta = (a) 70.04°, 
(b) 25.00 
Absorption correction 
Max. and min. transmission 
Refinement method 
Data / restraints / parameters 
Goodness of fit on F 
Final R indices [I > 2 sigma (I)] 
R indices (all data) 
Absolute structure parameter 
Extinction coefficient 








a = 7.158(6) 
b = 13.803 (9) 









0.45 X 0.25 X 0.20 
Red 
3.81 to 70.77° 
- 8 < h < 8 , 0 < k < 1 6 , 0 < l < 2 6 
3893 
3893 [R(int) = 0.0000] 
95.5% (a) 
Empirical 
0.9934 and 0.5183 
Full matrix least squares on F2 
3893/0/294 
1.010 
Rl = 0.0787, wR2 = 0.2206 












a = 9.402 (3) 
b = 24.927 (9) 











1.59 to 25.52° 
-11 < h < l l , 0 < k < 3 0 , 0 < 1 < 15 
5710 
5710 [R(int) = 0.0000] 
99.5% (b) 
Empirical 
0.9986 and 0.9209 
Full matrix least squares on F2 
5710/1/462 
0.924 
R l = 0.0736, wR2 = 0.1494 
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Figure SI. Cyclic voltammograms for model compounds (a) Ph-C=C-Pt(PEt3)2, (b) 1 and 
(c) 2, in acetonitrile / TBAPF6 (0.1M), working electrode: Pt, auxiliary electrode: Pt, 
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Figure S2. Cyclic voltammograms for compounds (a) 5 and (b) 3, in acetonitrile / 
TBAPF6 (0.1M), working electrode: Pt, auxiliary electrode: Pt, reference electrode: SCE, 
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Figure S3. Cyclic voltammograms for (a) compound 7 (b) polymer 10, in acetonitrile / 
TBAPF6 (0.1M), working electrode: Pt, auxiliary electrode: Pt, reference electrode: SCE, 
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Figure S4. Cyclic voltammograms for polymers (a) 12 and (b) 11, in acetonitrile / 
TBAPF6 (0.1M), working electrode: Pt, auxiliary electrode: Pt, reference electrode: SCE, 
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Figure S6. DSC trace for polymer 10 in the 80-180 °C window. 
Figure S7. Picture of stand-alone polymer 10. 
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1 
Figure S8. Frontier MO's for the cyclic compound 7. The respective MO energies are from 
bottom to top: -0.067, -0.177, -0.187 a.u., respectively. The points beside the P atoms are C 
atoms of the PEt3 ligands not drawn by the program. 
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Figure S9. Time-resolved spectra of the model compounds 1 and 2 in 2MeTHF at 77K in 
the |is time scale (the delay times are indicated in the figure). The spectra are smoothed 
due to noise. 
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Figure S10. Time-resolved spectra of the model compound 7 (up) and oligomer 7' 
(down) in 2MeTHF at 77K in the ji.s time scale (the delay times are indicated in the 
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Figure SI 1. Time-resolved spectra of polymer 12 (up) and oligomer 11 (down) in 
2MeTHF at 77K in the \is time scale (the delay times are indicated in the figure). Delayed 
fluorescence is observed at 400nm. The spectra are smoothed due to noise. 
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Table S2. Comparison of the calculated and experimental absorption maximum with the 
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560 (13700) CT 
a) All angles are from optimized structure (DFT). 
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Experimental Section 
Materials. l-ethynyl-2,4,5-trimethylbenzene (Aldrich), 2,4,6-trimethyliodobenzene 
(Acros Organics), Cul (Aldrich), HP(t-Bu)3BF4 (Strem), trimethylsilylacetylene (Fluka), 
tetrafluoroquinone (Aldrich), tetramethylquinone (Aldrich), tetrachloroquinone (Aldrich), 
4-bromoaniline (Aldrich), tetrabutylammonium hexafluorophosphate (TBAPFg; Fluka, 
puriss.), CF3COOH (Fluka)) and l,2-(trimethylsilane(ethynyl)aniline (Aldrich) were 
commercially available and were used as received. The solvents (l,2-C2H4Cl2 (Aldrich), 
CH2CI2 (EMD), CH3CN (Anachemia), dioxane (EMD), MeOH (ACP), ethyl acetate 
(ACP), ('PrhNH (Aldrich), and butyronitrile (Aldrich), were purified according to 
standard procedures.1 The complexes Pd(PhCN)2Cl2,2 cw-M(PEt3)2Cl2,3 trans-
M(PEt3)2Cl24 (M = Pd, Pt), l-ethynyl-2,4,6-trimethylbenzene, 1-mesityl-2-trimethyl-
silaneacetylene,5 and l,4-trimethylsilane(ethynyl)aniline,6 were synthesized according to 
published procedures. All the syntheses were performed under Ar using Schlenk 
techniques. All flasks were dried under a flame to eliminate moisture. All the solvents 
were dried over MgSCu under N2 prior to use. 
trans-bis(ethynylmesityl)bis(triethylphosphine)platinum(II) (1) Cul (0.00790 g, 0.0418 
mmol) was added to a mixture of trans-PtiPEt^Ch (0.2lOg, 0.418 mmol) and freshly 
prepared ligand, mesitylacetylene (0.121 g, 0.836 mmol) in CH2Cl2/iPr2NH (50 ml, 1:1 
v/v). The yellow solution was stirred for 48 hrs at room temperature, after which all 
volatiles were removed under reduced pressure. The residue was dissolved in CH2CI2 
and washed three times with water and dried on K2CO3. All solvents were removed 
under reduced pressure. The residue was dissolved in a minimum amount of CH2CI2 and 
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filtered through a short silica column first with pure CH2CI2 followed by a 1:1 solution of 
CH2Cl2/EtOEt. Further purification was accomplished from recrystallization using PhMe 
and MeOH. Colorless crystals were obtained by vapour diffusion of methanol on a 
toluene solution. Yield 50 % (0.149g). *H NMR (CD2C12): 8 6.79 (s, 2H, CHaro.), 2.36 
(s, 3H, para-C6CH3), 2.21 (s, 6H, ortho-C6CU3), 2.18-2.11 (m, 6H, CH2CHO 1.22-1.11 
(m, 9H, CH2CH3). 31P NMR (CD2C12): 5, 14.7 (s + 2 sat.; ^(P-Pt) = 2394). IR (KBr) v: 
2098 cm-1 (C=C). Anal. Calcd for C34H52P2Pt • H20 (717.80): C, 54.96; H, 7.43. Found: 
C, 54.89; H, 7.36. Mass spectrometry (mass m/e): 717 (M+). 
trans-bis(l-ethynyl-2,4,5-trimethylbenzene)bis(triethylphosphine)platinum(II) (2) Cul 
(0.0034 g, 0.018 mmol) was added to a mixture of /rara-Pt(PEt3)2Cl2 (0.0905g, 0.180 
mmol) and the ligand l-ethynyl-2,4,5-trimethylbenzene (0.070 g, 0.360 mmol) in 
CH2C12/'Pr2NH (50 ml, 1:1 v/v). The yellow solution was stirred for 48 hrs at room 
temperature, after which all volatiles were removed under reduced pressure. The residue 
was dissolved in CH2C12 and washed three times with water and dried on K2CO3. All 
solvents were removed under reduced pressure. The residue was dissolved in a minimum 
amount of CH2C12 and filtered through a short silica column first with CH2C12 followed 
by a 1:1 solution of CH2Cl2/EtOEt. Further purification was accomplished from 
recrystallization using PhMe and MeOH. Yellow crystals were obtained by vapour 
diffusion of methanol on a toluene solution. . Yield 71 % (0.092 g). !H NMR (CD2C12): 5 
7.00 (s, 1H, CHaro.), 6.88 (s, 1H, CHaro.), 2.32 (s, 3H, C6CH3), 2.16 (s, 3H, C6CH3), 
2.15 (s, 3H, C6CH3), 2.21-2.11 (m, 6H, CH2CH3). 1.24-1.13 (m, 9H, CH7CH3). 31PNMR 
(CD2C12): 8 15.1 (s + 2 sat., ^(P-Pt) = 2385). IR (KBr) v: 2094 cm"1 (C=C). Anal. Calcd 
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for C34H52P2Pt • H20 (717.80): C, 55.91; H, 7.37. Found: C, 55.88; H, 7.33. Mass 
spectrometry (mass m/e): 717 (M+). 
Bis(ortho-trimethylsilylethynylbenzene)-2,3,5,6-tetrafluoroquinone diimine (3) 25 ml of 
chlorobenzene was placed in a three-necked round bottomed flask. 0.940 g (4r97 mmol) 
of 2-[(trimethylsilyl)ethynyl]aniline, 1.01 g (9.93 mmol) of triethylamine, and 0.707 g 
(3.72 mmol) of TiCLt were then added to the flask using a syringe. 0.447 g (2.48 mmol) 
of 2,3,5,6-tetrafluoroquinone was then dissolved in a minimum amount of chlorobenzene 
and added drop wise to the solution. The solution was stirred at 60°C for 4 firs. The 
mixture was then left to cool to room temperature, filtered, and washed with 
chlorobenzene. The solution was evaporated and the solid dissolved in CH2CI2 and 
washed three times with water, dried on K2CO3, and filtered. The CH2CI2 was completely 
evaporated leaving only the product. The product was purified on a silica column with 
25% CH2CI2/ 75% hexanes as the solvent. Violet crystals were obtained by slow 
evaporation of a CH2C12 solution. Yield: 54 % (0.70 g). !H NMR 8 (CD2C12): 7.42 (d, 4H, 
CH aro., JH-H= 7.56); 7.24 (t, 4 H, CH aro., 3JH-H = 7.67); 6.87 (t, 4H, CH arc, 3JH-H= 
7.47); 6.67 (d, 4H, CH aro., JH-H= 8.26); 0.29 (s, 18 H, Si(CH3)3). IR (KBr) v: 2140 cm"1 
(C=C). Anal. Calcd for C28H26N2F4Si2 (522.67): C, 64.34; H, 5.01; N, 5.36. Found: C, 
63.86; H, 4.88; N, 5.23. Mass spectrometry (mass m/e): 522 (M+). 
Bis(ortho-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine (4) 0.281 g (0.537 
mmol) of 3 was placed in a 250 ml round-bottomed flask and 7 g of K2CO3 was added to 
the flask as well as 180 ml of CH3OH. The reaction was stirred under Ar overnight until 
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the solution had become orange. The excess K2CO3 was filtered and the remaining 
solvent was evaporated and the product then dissolved in CH2CI2 and washed 3 times 
with water. The CH2CI2 solution was then dried with K2CO3 and filtered. The product 
was purified on a silica column with 25% ethyl acetate and 75% hexanes as the solvent. 
Red crystals were obtained by slow evaporation of a CH2CI2 solution. Yield: 96% (0.22 
g). JHNMR .8 (CD2C12): 7.45 (d, 4H, CH aro., JH-H= 7.68); 7.31 (t, 4 H, CH aro., 3JH-H = 
7.72); 7.00 (t, 4H, CH aro., 3JH-H= 7.58); 6.77 (d, 4H, CH aro., JH-H= 8.08); 3.60 (broad 
m, 12H, CH3); 3.18 (s, 2 H, CH) ppm. IR (KBr) v: 2100 cm4 (C=C). Anal. Calcd for 
C26H22N204 • 0.06 H20 (426.47): C, 73.04; H, 5.21; N, 6.55. Found: C, 73.03; H, 5.40; N, 
6.59. Mass spectrometry (mass m/e): 426 + 2H (M+). 
Bis(para-trimethylsilylethynylbenzene)-2,3,5,6-tetrafluoroquinone diimine (5) 25 ml of 
chlorobenzene was placed in a three-necked round bottomed flask. 1.09 g (5.74 mmol) of 
4-[(trimethylsilyl)ethynyl]aniline, 1.17 g (11.5 mmol) of triethylamine, and 1.09 g (5.74 
mmol) of TiCU were then added to the flask using a syringe. 0.515 g (2.86 mmol) of 
2,3,5,6-tetrafluoroquinone was then dissolved in a minimum amount of chlorobenzene 
and added dropwise to the solution. The solution was stirred at 60 C for 4 hours. The 
mixture was then left to cool to room temperature, filtered, and washed with 
chlorobenzene. The solution was evaporated and the solid dissolved in dichloromethane 
and washed three times with water, dried with K2CO3, and filtered. The dichloromethane 
was completely evaporated leaving only the product. Violet crystals were obtained by 
slow evaporation a of CH2Cl2/MeOH solution. Yield: 40% (1.50). *H NMR 8 (CD2C12): 
7.42 (m, 4H, CH aro.); 6.82 (m, 4H, CH aro.); 0.25 (s, 18 H, Si(CH3)3). IR (KBr) v: 2098 
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cm"1 ( O Q . Anal. Calcd for C28H26N2F4Si2 (522.67): C, 64.34; H, 5.01; N, 5.36. Found: 
C, 64.49; H, 5.11; N, 5.27. Mass spectrometry (mass m/e): 522 (M+). 
Bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine (6) 0.920 g (1.760 mmol) 
of 5 was placed in a 250 ml round-bottomed flask and 8 g of K2CO3 was added to the 
flask as well as 200 ml of CH3OH. The reaction was stirred under Ar overnight until the 
solution had become orange. The excess K2CO3 was filtered and the remaining solvent 
was evaporated and the product then dissolved in CH2CI2 and washed 3 times with water. 
The CH2CI2 solution was then dried with K2CO3 and filtered. The product was purified on 
a silica column with 25% ethyl acetate and 75% hexanes as the solvent. Orange crystals 
were obtained by slow evaporation a CH2C12 solution. Yield: 75% (0.75). !H NMR 8 
(CD2CI2): 7.42 (d, 4H, CH aro., JH-H= 8.05); 6.70 (d, 4H, CH aro., JH-H= 8.48); 3.56 
(broad m, 12H, CH3); 3.09 (s, 2 H, CH). IR (CHC13) v: 2098 cm-1 (C=C). Anal. Calcd for 
C26H22N2O4 (426.47): C, 73.22; H, 5.20; N, 6.57. Found: C, 73.45; H, 5.01; N, 6.68. 
Mass spectrometry (mass m/e): 426 + 2H (M+). 
(Bis(ortho-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine) bis(triethylphosphine)-
platinum(II) (7) 0.102 g (0.238 mmol) of 4 was placed in a 100 ml round-bottomed flask 
along with 0.120 g (0.238 mmol) of c/5-Pt(PEt3)2Cl2 and 0.0136 g (0.0715 mmol) of Cul. 
30 ml of CH2CI2 and 30 ml of ('Pr)2NH were added and the reaction was stirred under Ar 
overnight. The solvent was evaporated and the solid was dissolved in CH2CI2 and washed 
3 times with water. The solution of CH2CI2 was then dried with K2CO3 and filtered. The 
product was purified using a silica column where 10% ethyl acetate and 90% CH2CI2 
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were used as solvents. Purple crystals were obtained by slow evaporation of a 
CH2Cl2/MeOH solution. Yield: 50% (0.10 g). JH NMR 5 (CD2C12): 7.21 (d, 4H, CH aro., 
JH -H= 7.59); 7.09 (t, 4 H, CH aro., 3JH -H= 7.60); 6.91 (d, 4H, CH aro., JH-H= 7.78); 6.83 
(t, 4H, CH aro., 3 J H -H= 7.49); 3.94 (s, 6H, CH3) ; 3.19 (s, 6H, CH3); 1.93 (q, 12H, CH2, 
5JH-H = 8.37); 1.04 (q, 18H, CH3, 5JH.H = 7.82) ppm. 31P NMR 5 (CD2C12): 8.67 s + 2 
stat., ^(P-Pt) = 1110). IR (KBr) v: 2100 cm"1 (C=C). Anal. Calcd for C38H5oN204P2Pt • 
0.2 (iPr)2NH (855.8402): C, 53.74; H, 6.10; N, 3.52. Found: C, 53.64; H, 6.20; N, 3.53. 
Oligomers of (Bis(ortho-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine) bis(tri-
ethylphosphine)platinum(II) (7'). 0.102 g (0.238 mmol) of 4 was placed in a 100 ml 
round-bottomed flask along with 0.120 g (0.238 mmol) of cis-Pt(PEt3)2Cl2 and 0.0136 g 
(0.0715 mmol) of Cul. 30 ml of CH2C12 and 30 ml of (JPr)2NH were added and the 
reaction was stirred under Ar overnight. The solvent was evaporated and the solid was 
dissolved in CH2C12 and washed 3 times with water. The solution of CH2C12 was then 
dried with K2C03 and filtered. The product was purified using a silica column where 10% 
ethyl acetate and 90% CH2C12 were used as solvents. Yield: 27% (0.055 g). JH NMR 8 
(CD2C12): 6.86 (m, 8H, CH aro.); 3.58 (m, 12H, CH aro.); 1.96 (broad s, 12H, CH2); 1.07 
(m, 18H, CH3). 31P NMR 8 (CD2C12): 8.7 s + 2 sat., ^(P-Pt) = 1120. IR (KBr) v: 2100 
cm"1 (C=C). No satisfactory analysis was obtained. This is due to the difficulty in 
establishing the nature of the end group for very small oligomers. 
Cyclodiethynylbis (ortho-benzene) -2,3,5,6-tetramethoxyquinone diimine (8) 0.106 g 
(0.248 mmol) of 4 was placed in a 100 ml round-bottomed flask along with 0.103 g 
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(0.248 mmol) of cw-Pd(PEt3)2Cl2 and 0.0142 g of Cul. 30 ml of CH2C12 and 30 ml of 
('Pr)2NH were added and the reaction was stirred under Ar overnight. The solvent was 
evaporated and the solid was dissolved in CH2CI2 and washed 3 times with water. The 
solution of CH2CI2 was then dried with K2CO3 and filtered. Red crystals were obtained 
by slow evaporation of a MeOH solution. Yield: 14 % (0.0271 g). LH NMR 5 (CD2C12): 
7.28 (m, 8H, CH arc); 3.63 (m, 12 H, CH3) ppm. IR (KBr) v: 2132, 2192 cm"1 (C=C). 
Anal. Calcd for C26H20N2O4 • 0.1 H20 (424.4481): C, 73.26; H, 4.78; N, 6.57. Found: C, 
73.27; H, 4.50; N, 6.46. Mass spectrometry (mass m/e): 424 (M+). 
Bis(ortho-ethynylbenzene) -2,3,5,6-tetramethoxyquinone diimine-trans-chlorotriethyl-
phosphinepalladium(II) (9) 0.106 g (0.248 mmol) of 4 was placed in a 100 ml round-
bottomed flask along with 0.103 g (0.248 mmol) of cw-Pd(PEt3)2Cl2 and 0.0142 g of Cul. 
30 ml of CH2CI2 and 30 ml of ('PrhNH were added and the reaction was stirred under Ar 
overnight. The solvent was evaporated and the solid was dissolved in CH2CI2 and washed 
3 times with water. The solution of CH2CI2 was then dried with K2CO3 and filtered. The 
product was purified on a silica column with 20% AcOEt and 80% hexanes as the 
solvent. Purple crystals were obtained by slow evaporation of a CH2CI2 solution. Yield: 
3.3% (0.0063 g). lH NMR 5 (CD2C12): 7.26 (d, 4H, CH aro., JH-H= 7.50); 7.05 (m, 4 H, 
CH aro.); 6.89 (t, 4H, CH aro., 3JH-H = 7.50); 6.45 (d, 4H, CH aro., JH-H = 7.82); 3.58 (m, 
12H, CH3); 1.91 (t, 24H, CH2, 3JH-H= 3.66); 1.14 (q, 36H, CH3, 5 J H .H= 8.02). 31P NMR 5 
(CD2CI2): 21.7. IR (KBr) v: 2110 cm"1 (C=C). Anal. Calcd for C5oH8oN204P4Pd2 
(1180.822): C, 50.86; H, 6.83; N, 2.37. Found: C, 51.08; H, 6.54; N, 2.37. 
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Polymer poly(bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine)-trans-
bis(triethyl-phosphine)platinum(II) (10) 0.122 g (0.286 mmol) of 7 was placed in a 100 
mL round-bottomed flask along with 0.144 g (0.286 mmol) of fr*am,-Pt(PEt3)2Cl2 and 
0.0163 g of Cul. 30 ml of CH2C12 and 30 ml of (jPr)2NH were added and the reaction was 
stirred under Ar overnight. The solvent was evaporated and the solid was dissolved in 
CH2CI2 and washed 3 times with water. The solution of CH2CI2 was then dried with 
K2CO3 and filtered. Yield: 83 % (0.203 g). lK NMR 8 (CD2C12): 7.19 (m, 4H, CH aro.); 
6.67 (m, 4H, CH aro.); 3.58 (m, 12H, CH3); 2.19 (broad s, 12H, CH2); 1.23 (m, 18H, 
CH3). 31P NMR 5 (CD2CI2): 14.8 s + 2 sat., 'j(P-Pt) = 1190). IR (KBr) v: 2099 cm"1 
(C=C). Anal. Calcd for CsgHso^C^Pt • 0.37 H20 (855.8402): C, 52.92; H, 5.93; N, 
3.25. Found: C, 52.92; H, 6.06; N, 3.34. The larger polymer chains were precipitated with 
ether and were passed through a GPC giving the results shown in the Table 1 below. 
Polymer poly(bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine)-cis-bis(tri-
ethylphosphine)platinum(II) (11) 0.129 g (0.286 mmol) of 7 was placed in a 100 ml 
round-bottomed flask along with 0.143 g (0.286 mmol) of cis-Pt(PEt3)2Cl2 and 0.0163 g 
of Cul. 30 ml of CH2CI2 and 30 ml of ('PrhNH were added and the reaction was stirred 
under Ar overnight. The solvent was evaporated and the solid was dissolved in CH2CI2 
and washed 3 times with water. The solution of CH2CI2 was then dried with K2CO3 and 
filtered. Yield: 83 % (0.204 g). lH NMR 8 (CD2C12): 6.97 (m, 8H, CH aro.); 3.56 (m, 
12H, CH3); 2.07 (broad s, 12H, CH2); 1.17 (q, 18H, CH3, 5JH.H = 7.69). 31P NMR 8 
(CD2C12): 8.4 s + 2 sat., rJ(P-Pt) = 1130). IR (KBr) v: 2102 cm"1 (OC) . Anal. Calcd for 
C38H5oN204P2Pt*0.03 (iPr)2NH (855.8402): C, 53.39; H, 5.92; N, 3.31. Found: C, 53.45; 
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H, 5.92; N, 2.83. The larger polymer chains were precipitated with ether and were passed 
through a GPC giving the results shown in the Table 1 below. 
Polymer poly(bis(ortho-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine)-trans-
bis(triethylphosphine)platinum(II) (12) 0.141 g (0.330 mmol) of 4 was placed in a 100 ml 
round-bottomed flask along with 0.166 g (0.330 mmol) of frws-Pt(PEt3)2Cl2 and 0.0188 
g of Cul. 30 ml of CHaCband 30 ml of ('PrhNH were added and the reaction was stirred 
under Ar overnight. The solvent was evaporated and the solid was dissolved in CH2CI2 
and washed 3 times with water. The solution of CH2CI2 was then dried with K2CO3 and 
filtered. Yield: 99% (0.28 g). rH NMR 8 (CD2C12): 7.25 (d, 4H, CH aro., JH-H = 7.49); 
7.00 (t, 4H, CH aro., V H = 7.05); 6.86 (t, 4H, CH aro., 3JH-H = 7.46); 6.42 (d, 4H, CH 
aro., J H -H= 7.83); 3.57 (m, 12H, CH3); 2.06 (t, 12H, CH2, 3JH-H = 3.21); 1.09 (q, 18H, 
CH3, 5JH-H = 7.89). 31P NMR 5 (CD2C12): 15.2 s + 2 sat., xJ(P-Pt) = 1190). IR (KBr) v: 
2098 cm-1 (CsC). Anal. Calcd for CssHjoNzC^Pt • 0.33 H20 (855.8402): C, 52.96; H, 
5.93; N, 3.25. Found: C, 52.96; H, 5.75; N, 3.46. The larger polymer chains were 
precipitated with ether and were passed through a GPC. The results are Table 1. 
Instruments. All NMR spectra were acquired on a Bruker AC-300 spectrometer (!H 
300.15 MHz, 13C 75.48 MHz, 31P 121.50 MHz) using the solvent as chemical shift 
standard, except in 31P NMR, where the chemical shifts are relative to D3PO4 85% in 
D2O. All chemical shifts (8) and coupling constants (J) are given in ppm and Hertz, 
respectively. The spectra were measured from freshly prepared samples. The IR spectra 
were acquired on a Bomem FT-IR MB series spectrometer equipped with a baseline-
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diffused reflectance. UV-visible spectra were recorded on a Hewlett-Packard diode array 
model 8452A. For the measurements of the absorptivity, the concentration was adjusted 
so that the absorbance of the investigated peaks fitted the 0-1 absorption scale (typically 
10"4 to 10"5 M depending on the sample or the investigated band). Emission and 
excitation spectra were obtained using a double monochromator Fluorolog 2 instrument 
from Spex. All measurements were performed using samples for which absorbance fitted 
the approximate 0.1-0.3 absorbance scale at the excitation wavelength. Fluorescence 
lifetimes were measured on a Timemaster Model TM-3/2003 apparatus from PTI. Some 
phosphorescence lifetime measurements and time-resolved spectra were also performed 
on a PTI LS-100 using a lus xenon-flash lamp. The source was nitrogen laser with high-
resolution dye laser (FWHM ~1.5 ns) and the fluorescence lifetimes were obtained from 
high quality decays and deconvolution or distribution lifetimes analysis. The uncertainties 
were about ±10-40 ps based on multiple measurements. Again all the lifetime 
measurements were performed using samples for which absorbance fitted the 
approximate 0.1-0.3 absorbance scale at the excitation wavelength. The flash photolysis 
spectra and the transient lifetimes were measured with Luzchem spectrometer using the 
355 nm line of a YAG laser from Continuum (Serulite), and the 355 nm line from OPO 
module pump by the same laser (FWHM = 13 ns). All measurements for the transient 
spectra were performed using samples for which absorbance was ~ 0.4 absorbance at the 
excitation wavelength. 
Gel permeation chromatography. Molecular weights and molecular weight distributions 
of all polymers were determined by using gel permeation chromatography (GPC). The 
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GPC set-up consisted of a Waters 515 HPLC pump, a Waters 996 Photodiode Array 
Detector and a Waters 410 Differential Refractometer, with a Styragel HR4E column 
(7.8*300 mm). The GPC eluent was HPLC grade THF, at a flow rate of O.Sml.min"1. 
Calibration curve was obtained using seven PS standards (Aldrich), with Mn ranging 
from 3400 to 382 000 g.mol"1. 
Computations. All calculations were performed on an Intel Xeon 3.40GHz PC 
with the Gaussian 03 revision C.02 and Gausview 3.0 software package.7 The 
hybrid B3LYP exchange - correlation function has been considered due to the 
high accuracy of the ensued results.8"10 LANL2DZ pseudo-potentials were 
used on platinum and phosphorus atoms, with LANL2DZ basis set for platinum 
and 3-21G* for all other atoms.1112 The platinum cycle complex (7) crystal 
structure file was used without optimization before the TDDFT calculation. 
The model compound for polymer 10 was optimized before the TDDFT 
calculation. Only the relevant (stronger oscillator strength and 
wavefunction coefficients) molecular orbitals are shown. All computations 
were performed without symmetry constraint. For 3* (without silyl groups) 
and 4, a redundant relaxed energy scan at the Hartree Fock level was 
performed to explain the energy rotation barriers for syn to anti 
conformers. 
Emission quantum yields. 9,10-diphenylanthracene (O = 1.0) was used as comparative 
standard. 
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Electrochemistry. All the electrochemical measurements were carried out under nitrogen 
atmosphere at room temperature. The auxiliary electrode was a platinum grid and the 
reference electrode was a saturated calomel electrode (SCE). Voltammetric 
measurements were carried out in a three-electrode cell containing an 0.1 M supporting 
electrolyte solution (tetrabutylarnmonium hexafluorophosphate; TBAPFe), connected to a 
potentio/galvanostat (EG&G Princeton Avanced Research model 273). The working 
electrode was a platine wire. Controlled potential coulometries were performed using the 
same potentio/galvanostat. A cell containing a scintered glass disk (porosity 4) was used 
to prevent diffusion of the electrogenerated species from working to auxiliary 
compartment. The exhaustive electrolysis were carried out in a stirred and degassed 
solution containing a large platinum grid as a working electrode, the reference electrode 
was connected to the studied solution by a junction bridge filled with the corresponding 
solvent-supporting electrolyte solution and the auxiliary platinum grid electrode was 
plunged in a concentrated (0.6 M) supporting electrolyte solution. 
X-ray crystallography. The crystals named 1 to 9 were all collected on an Enraf-Nonius 
CAD-4 automatic diffractometer using omega scans. The crystals decay observed were 
obtained by scanning one reflection measured every 100 reflections. The DIFRAC14 
program was used for centering, indexing and data collection. The data were corrected for 
absorption by empirical methods based on psi scans and reduced with the NRCVAX15 
programs. They were solved using SHELXS-97,16 and were refined by full-matrix least 
squares on Fz with SHELXL-97. The non-hydrogen atoms were refined anisotropically; 
the hydrogen atoms were placed at idealized calculated geometric position and refined 
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isotropically using a riding model. Refinement details specific to each crystal: C16 and 
C17 on 1 were disordered on two possible sites, only the major refined occupational site 
is shown for clarity. 2 lost 1.3% of its diffraction intensity during data collection. 3 lost 
7% of its diffraction intensity during data collection and disorder was found on the 
methyl groups on the trimethylsilyls; only the major occupational sites are shown for 
clarity. 5 one of the crystal faces is only 0.025 mm. 7 the absolute structure parameter is 
in between 0 and 1 typical of a twinned crystal, so the absolute structure could not be 
1 H 
assigned. The absolute crystal structure (for crystal exhibiting chirality) was irrelevant 
for 1,2,3,4', 5,8 and 9. 
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CHAPITRE 4 
Synthese et caracterisation de nouveaux ligands assembleurs 
diethynyles de types tetramethylquinone et autres produits divers 
Les polymeres organometalliques luminescents et conducteurs electriques doivent avoir 
des ligands pontants avec des caracteristiques particulieres. Les ligands avec des 
groupements ethynyles forment des liaisons tres solides avec les metaux de transition et 
sont conjugues avec le reste de la chaine du squelette montrant un systeme n. II y a des 
ligands qui sont luminescents et qui ont des groupements qui peuvent etre changes pour 
modifier lews proprietes et par consequent ceux des polymeres aussi. Une caracteristique 
importante pour concevoir les dispositifs electroluminescents et photovoltai'ques est la 
reversibilite des vagues electrochimiques. Ceci permet l'oxydation ou la reduction selon 
le cas sans decomposer le polymere, n'affectant done pas le fonctionnement des 
dispositifs (voir la section 1.4). Le materiel doit aussi etre electroluminescent. 
Epstein et al. (1) ont demontre l'effet des maillons de chaine oxydes et reduits sur la 
meme chaine de polyanilines sur la conductivite de celle-ci (Figure 44). Les polyanilines 
sont un melange de formes leucoemeraldines (reduites) et perigranilines (oxydees) et sont 
des isolants electriques comme la forme emeraldine (partiellement oxydee). Quand les 
groupements imines de la forme emeraldine sont protonnes, le polymere devient 
conducteur. lis peuvent aussi controler la conductivite en fonction du nombre d'imines 
protonees (1). Avec cette propriete des polyanilines, il est possible qu'il se produise le 
meme processus avec des composes contenant le fragment 1,4-diiminequinone. K. 
Yamamoto et al. (2) ont synthetise des composes ayant le fragment 1,4-phenylenediamine 
avec deux phenyles a chaque extremite (Figure 45). Les derives de N,N'-diphenyl-1,4-
phenylenediamine (PDA) montrent deux vagues reversibles d'oxydation en 
voltamperometrie cyclique pour tous les composes. A Faide de la modelisation et les 
structures rayons-X, des calculs theoriques ont permis de decrire la HOMO dans le 
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phenyle du centre de la Figure 45 et de confirmer le recouvrement entre les electrons % du 
phenyle central et du doublet n de 1'azote (2). 
Forme leucoemeraldine (forme reduite) = isolant electrique 
H 
Forme emeraldine (forme partiellement oxydee)= isolant electrique 
Groupement diimine 
Forme perigraniline (forme oxydee) = isolant electrique 
Protonation de la forme emeraldine = conducteur electrique 
Groupement diimine protonnee 
Figure 44. Formes isolantes et conductrices des polyanilines (1). 
L'ajout de groupements non-conjugues sur le phenyle du milieu du fragment 1,4-
phenylenediamine de la Figure 45 a augmente Tangle de torsion Ph-N-C-C (anneau) de 
19° a 39°. Cette torsion a eu pour effet de diminuer 1'interaction electronique entre 1'azote 
et les electrons % du phenyle central. L'addition de groupements conjugues augmente 
aussi Tangle de torsion Ph-N-C-C (anneau) de 19° a 40°. En ajoutant des groupements, tel 
que des methyles, sur les phenyles exterieurs a la Figure 45, Tangle de torsion Ph-N-C-C 
(anneau) a augmente de 19° a 71° et la conjugaison entre le doublets des azotes et du 
systeme % du phenyle central avec les phenyles exterieurs a quasiment disparu. 
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L'amplitude de la conjugaison electronique entre les deux amines est controlee par 
P angle de torsion Ph-N-C-C (anneau) qui est modifie par des effets de substitutions. Plus 
l'angle est petit, plus les paires d'electrons de l'azote sont conjugues avec l'anneau 
central. 
R = H, Me, Ph, Br, (C4H3S), t-Bu 
Figure 45. Molecules ayant le fragment 1,4-phenylenediamine (encadre) synthetise 
par K. Yamamoto et al. (2). 
Tel que decrit plus haut, quelques publications dans la litterature (1, 2 et 3) demontrent 
que les produits contenant des groupements 1,4-diiminequinones ou 1,4-
phenylenediamines ont des proprietes interessantes au niveau de la conjugaison et de 
Pelectrochimie. 
Les ligands dans cette etude presentent un centre diiminequinone pouvant etre substitue 
par differents halogenes et groupements. Ces differents groupements peuvent faire 
potentiellement varier les proprietes de luminescence et de conductivity. Les ligands 
contiennent un groupement trimethylsilylethynyle sur chaque phenyle situe sur les deux 
imines. Les trimethylsilylethynyles peuvent etre places en ortho ou en para de l'imine. 
Le derive meta n' pas ete explore car nous voulions exploite la possibilite d'obtenir des 
polymeres lineaires avec les derives para et des composes cycliques avec les derives 
ortho. lis peuvent etre protonnes en presence d'acide pour former des amines (2). Nos 
composes ont la possibilite d'avoir acces au compose reduit (a partir de Pimine 
protonnees) et celui oxyde (imine) independamment separes. On peut ainsi synthetiser 
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des polymeres contenant des metaux de transition avec differents ratios d'amines et 
d'imines pour faire varier les proprietes de conductivite et peut-etre les proprietes de 
luminescence avec la protonnation des imines. 
4.1 Synthese des nouveaux ligands et complexes du type tetramethylquinone 
Les syntheses decritent dans la prochaine section sont les memes que dans la deuxieme 
publication de ce memoire (Chapitre 3). La difference majeure est que les complexes 
decrient ont des groupements methyles comme substituants sur la quinone de depart. Les 
produits decrits dans cette section seront la tetramethylquinone disubstituee, la 
tetramethyl monosubstituee, la tetramethylquinone disubstituee sans les groupements 
trimethylsilanes en bout de chaine ainsi que deux complexes metalliques synthetises avec 
ces produits. 
Le premier produit est la 2,3,5,6-tetramethyl-N,N'-bis(orr/7o-
trimethylsilylethynylphenyl)-l,2-diiminequinone (1). Le produit a ete synthetise de la 
meme maniere que les derives tetrafluoro de la publication precedente (Chapitre 3) soit 
en melangeant le ortAo-trimethylsilylethynylaniline a la duroquinone en presence de 
triethylamine et de tetrachlorure de titane (Figure 46). Le produit est une huile de couleur 
rouge. La caracterisation du produit a ete faite incluant RMN !H, 13C, spectre IR, spectre 
de masse, et analyses elementaires. Le compose se caracterise par une bande IR a 2151 
cm" attribuable a la fonction C=C et l'ion moleculaire se voit a 506 en spectrometrie de 
masse. Ce produit a ete synthetise parallelement au derives tetrafluoro mais a ete laisse de 
cote apres que le derive tetramethoxy eut ete synthetise et que nous voulions poursuivre 
dans cette direction. 
La 2,3,5,6-tetramethyl-(ort/zo-trimethylsilylethynylphenyl)-iminequinone (2) a aussi ete 
isolee pendant la reaction du produit (1). Le produit (2) a ete obtenu pendant la 
purification par colonne du produit (1) (Figure 46). Le derive monosubstitue est un solide 
rouge qui a aussi ete caracterise completement. En IR on y retrouve les bandes C=0 et 
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C=C a 1662 et 2156 cm"1 respectivement. L'ion moleculaire est observe a 335. En 










Rendement non disponible 
Figure 46. Synthese de La 2,3,5,6-tetramethyl-N,N'-bis(or//ro-
trimethylsilylethynylphenyl)-l,2-diiminequinone (1) et de la 2,3,5,6-tetramethyl-
(or^o-trimethylsilylethynylphenyl)-iminequinone(2). 
bout de chaine pour les polymeres avec les espaceurs de types tetramethyls puisqu'il a 
qu'un seul groupe ethynyle. Ceci n'a pas ete essaye encore mais c'est une avenue 
possible. 
La prochaine etape etait d'enlever les groupements trimethylsilane du produit (1) pour 
obtenir le produit bis(or//zo-ethynylbenzene)-2,3,5,6-tetramethylquinone diimine (3) 
(Figure 47). Cette etape a permis la complexation sur des metaux. Cette reaction a ete fait 






Figure 47. Synthese de la bis(or//eo-ethynylbenzene)-2,3»5,6-tetramethylquinone 
diimine (3). 
Avec le produit 3 obtenu, quelques tentatives de coordination ont ete essayes. Dans un 
premier temps, le complexe cw-Pt(PEt3)2Cl2 a ete reagi avec un equivalent du ligand 3 et 
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le complexe polycyclique 4 a ete forme (Figure 48). En fait, ce compose a ete repeche 
parmi les cristaux obtenus lors de la cristallisation. L'analyse aux rayons-X de ce cristal 
rouge donne une structure totalement inattendue dans laquelle la formation de cycles a 5, 
6 et 7 membres a ete observed. Cette structure est d'autant plus interessante car il y a 
deux centres chiraux au niveau des carbones du cycle a 5 membres portants des groupes 
methyles. Devant ce resultat tres interessant, il etait imperatif de le reproduire. 
Malheureusement, il n'a pas pu l'etre, ce qui amene la conclusion que ce produit etait 
minoritaire et probablement un intermediaire reactionnel. Apres quelques tentatives 
infructueuses, ce projet a du etre abandonne. Le rendement nul de la reaction est peut-etre 
du a la tres faible concentration du produit de depart avec le groupe trimethylsilane car la 
reaction est faite avec le produit desilyle mais il y aurait pu avoir des traces du premier 
qui aurait reagit. 
Figure 48. Structure (gauche) et representation ORTEP (droite) du produit 4. Les 
protons ne sont pas dessines pour des raisons de clarte. 
Dans une tentative d'expliquer l'observation de ce produit inusite, un mecanisme de 
formation du produit 4 est propose et montre dans la Figure 49. La structure 
cristallographique montre un contact C1'C2 (voir Figure 47) intramoleculaire evident 
(distance de l'ordre de 3.55 A). II est raisonnable de supposer que les groupes methyles et 
la distorsion de l'anneau quinone diimine du compose 3 rendent la double liaison (de 
cette quinone diimine) plus susceptible d'agir en agent nucleophile sur un ethylene active 
par un Cu(I) indique comme etant [Cu+]. L'espece [Cu+] est probablement Cu(solvant)3. 
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Le carbocation forme serait ainsi stabilise par hyperconjugaison avec le groupe methyle. 
On peut egalement envisager que ce meme carbocation serait encore davantage stabilise 
si on avait des groupements methoxys car ils sont plus electrodonneurs que les 
groupements methyles. Les groupements methoxys seraient meilleurs a cause de la 
donnation par resonance du doublet sur l'oxygene du methoxy. L'autre raison que les 
groupements methoxys seraient meilleurs parce que le chevauchement des orbitales avec 
le methoxy est plus important qu'avec le methyl et le chlore. L'attaque se ferait 
probablement sur 1'ethylene le plus active soit sur le cote qui a le groupe platinique. La 
premiere etape consisterait done en une complexation en milieu basique avec du Cul 
comme catalyseur. Le Cul active la triple liaison pour que la base, soit le 'P^NH puisse 
arracher soit un proton ou le groupement trimethylsilane. Le 'P^NH ne serait pas assez 
fort si le Cul ne serait pas present. Cette proposition se base sur 1'observation du compose 
9 decrit au Chapitre 3 ou des palladiums ont ete complexes de cette facon. Le carbanion 
ainsi forme peut supposement a son tour agir en nucleophile sur l'autre groupe ethynyle 
active formant un organocuivrate. Cet intermediaire propose a ete modelise avec PC-
Model (version 7) au niveau MMX par le Professeur Pierre Harvey. Dans ce modele, 
l'olefine portant le deuxieme groupe trimethylsilane est placee exactement en dessous du 
carbocation favorisant une reaction intramoleculaire. Ainsi, une attaque d'un iodure sur le 
trimethylsilane genere un carbanion exactement place sous le carbocation. Lorsque le 
trimetylsilane est elimine, il y a une rotation d'un segment de la chaine de facon a 
favoriser la conjugaison et du meme coup, le carbanion se trouve a s'orienter d'excellente 
facon avec le carbocation. Un produit oragnocuivrate(I) intermediaire est obtenu. Ce 
dernier compose peut reagir avec l'humidite de l'air pour former le produit final. 
Vu que le produit etait inattendu mais tres interessant, on a essaye de refaire le produit 
(4). On a ete incapable de le reproduire les resultats mais en essayant on a obtenu un autre 
produit inattendu chlorocuivre(I)-(bis(orf/zo-ethynylbenzene)-2,3,5,6-tetramethylquinone 
diimine) bis(triethylphosphine)-platine(II) (5). II a ete synthetise de la meme maniere que 
le produit precedent. La caracterisation a ete faite sur le produit et aucun autre essai n'a 
ete fait pour explorer plus loin. Ce produit montre un deplacement chimique a 8.14 ppm 
pour le P avec une constante de couplage de 1120 Hz. La bande ethynyle en IR est 
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observee a 2106 cm"1. Ce produit est potentiellement l'intermediaire suivant la reaction 
precedente si elle aurait continuee. Le cuivre et le chlore partiraient ensuite et on 
obtiendrait le produit cyclique avec des groupements methyles. Sebastien Clement 
travaille presentement sur le projet de formation de polymeres avec le derive para. Un 
manuscrit a d'ailleurs ete soumis. 
L 
Figure 49. Mecanisme proposee pour la formation du produit 4. 
Et3P PEt3 
3 5 
Rendement non disponible 
Figure 50. Synthese du ch!orocuivre(I)-(bis(o/*^o-ethynylbenzene)-2,3,5,6-
tetramethylquinone diimine) bis(triethylphosphine)-pIatine(II) (5). 
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Nous avons aussi explore un autre groupement a la place du methyle. Le 2,3,5,6-
tetrachloro-N,N'-bis(or^o4rimethylsilylethynylphenyl)-l,4-phenylenediamine (6) a ete 
synthetise. La caracterisation du produit a ete faite mais les analyses ont montre que 
seulement le produit amine et non le produit imine voulu etait isole. 
/ H N -M-NH / 
Si Me 3 
Me3Si CI CI ^ J 
6 
Figure 51. Structure du 2,3,5,6-tetrachloro-N,N'-bis(ortAo-
trimethylsilylethynylphenyl)-l,4-phenylenediamine(6). 
La formation de la bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diamine (7) 
est le produit bis(/7ara-ethynylbenzene)-2,3,5,6-tetrametlioxyquinone diimine (Chapitre 
3, page 133) amine. Ce produit a ete obtenu au cours de l'etape de la chromatographic de 
la bis(/?ara-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine. C'est un produit 
blanc. C'est aussi un produit tres interessant car on peut maintenant faire des polymeres 
mixtes avec des espaceurs diimine et diamine conjuguees. On peut ensuite doper ces 
polymeres avec un acide dans un essais pour obtenir un materiau conducteur. Ce 
compose montre des pics caracteristiques de la fonction N-H en IR (3435 cm"1) et en 
RMN *H (5.85 ppm). L' ion moleculaire se voit a 428 en spectrometrie de masse. Ce 
produit se serait forme comme le produit precedent, soit en presence d'humidite. Le 
premier site protonne serait done l'azote. II faut done garder ces produits sous atmosphere 
inerte le plus possible et une suggestion serait de faire la colonne sous un flux d'azote ou 
d'argon et non d'air. 
Un polymere poly(bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine)-
fra«5-bis(triethyl-phosphine)platine(II)-poly(bis(para-ethynylbenzene)-2,3,5,6-
tetramethoxyquinone diamine)-^ra«5,-bis(triethyl-phosphine)platine(II) (8) a aussi ete 
prepare a partir de la bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diamine (7) 
et de la bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine (Chapitre 3, page 
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Figure 52. Structure du bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone 
diamine (7). 
133). En GPC, le produit donne une masse (Mw) de 25700 et une polydispersite de 1.92. 
Ceci equivaut a un polymere d'environ 12 a 14 unites et nous avons obtenu un rendement 
de 64%. Ce compose montre des pics caracteristiques de la fonction N-H en IR (3356 cm" 
l) et en RMN *H (5.80 ppm). Ce produit montre aussi un deplacement chimique a 14.7 
ppm pour le P avec une constante de couplage de 1190 Hz. Ceci est constant avec les 
donnees dans la publication du Chapitre 3, page 196 de 14.8 ppm avec une constante de 
couplage de 1190 Hz pour les phosphores en position trans. Le polymere montre deux 
absorptions a 360 et 560 nm pour le Pt-ethynyle et la quinone, respectivement (Figure 
54). Ce dernier est facilement attribuable a un transfert de charge du centre aryl-C=C-
PtL2-C=C-aryl vers la quinone diimine (n*) selon les resultats sur les polyquinone 
diimines du Chapitre 3. En luminescence, le polymere montrent des bandes d'emission a 
469 et 492 nm (Figure 54). La bande a 469 nm est flanquee d'une autre vers 400 nm. Ces 
deux emissions sont facilement reconnaissables comme etant respectivement de la 
phosphorescence et fluorescence retardee du chromophore aryl-C=C-PtL2-C=C-aryl 
selon les recherches sur les polymeres polyquinone diimine du chapitre 3. La bande 
centree vers 492 nm est aussi une phosphorescence attribuee au fragment HN-aryl-C=C-
PtL2-C=C-aryl-NH. Cette attribution est basee sur le fait qu'il n'y a pas de ressemblance 
avec la bande a 469 nm, qui elle se compare tres bien avec les travaux anterieures 
(Chapitre 3), mais aussi que l'echelle de temps de cette luminescence est dans la 
microseconde (us), une echelle classique pour ce genre de composes contenant du Pt. 
Aucune duree de vie de luminescence peut etre mentionnees a ce stade du projet car les 
decroissances sont polyexponentielles. Les tracees de l'intensite v^ le temps donnent des 
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courbes. Ceci est du que la synthese a conduit a un polymere mixte structuralement 
melange ou les fragments imines et amines sont places dans une sequence alleatoire. 
Done il peut y avoir des nombres variables de fragments imines et amines places les uns a 
cote des autres produisant des bouts de chaine ou il y a des dimeres, trimeres, tetrameres, 
etc d'une espece ou l'autre. Ces oligomeres n'ont pas necessairement les memes durees 
de vie de phosphorescence, conduisant aux tracees decrits. Une etude plus systematique 
est actuellement en cours ou les fragments imines et amines seront places d'une maniere 
alternante. Cette synthese a ete effectuee dans le but d'avoir un polymere que Ton 
pourrait doper pour obtenir un materiau conducteur. Les efforts pour le doper ne l'ont pas 
ete et aucun autre essai a ete fait. Nous avons tente de doper avec de l'acide acetique, de 
l'acide chlorhydrique et de l'acide oxalique, tous a des concentrations variantes et rien 
n'a fonctionne. Dans tous les cas, le polymere a change de couleur du mauve vers le brun, 
soit une couleur de decomposition. Une autre propriete des polymere conducteur est une 
surface miroitante mais les produits n'etaient pas miroitants. 
- / ^—NH O— 
"H H" P— 
F 
















































— em at360nm 




Figure 54. Spectres UV-vis (haut) et de luminescence (bas) du produit 8 dans le 2-
MeTHF a 77 K. 
4.2 Conclusion 
Comme les nombreux produits isoles le demontrent, ce projet a plusieurs directions 
possibles. II est possible de constater que les groupements methoxy utilises dans la plus 
recente publication acceptee dans Organometallics peuvent etre remplaces par des 
groupements methyles et les memes polymeres peuvent aussi etre synthetises. Ce projet 
est d'ailleurs en cours avec Sebastien Clement, stagiaire postdoctoral, qui fait la synthese 
de ce nouveau polymere. Un article a d'ailleurs ete soumis. 
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Un avantage a preparer ces polymeres avec des groupements methyles est que ces 
groupements induisent un deplacement dans les spectres. Les polymeres absorberaient 
done une longueur d'ondes differentes que les groupes methoxy. Une autre possibilite est 
de preparer des polymeres avec des espaceurs montrant differents groupements et ensuite 
les doper pour essayer d'obtenir des materiaux conducteurs. 
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Un bain d'huile a 60 °C est prepare prealablement. Toutes les pieces de verrerie ont ete 
passees a la flamme avec de 1'argon pour enlever les traces d'humidite. Le montage 
suivant a ete fait: un ballon tricol de 200 mL a ete place dans un bain d'huile surmonte 
d'un refrigerant et d'une ampoule a addition. Le produit (ortho-
trimethylsilylethynyl)aniline (0.940 g, 4.97 mmol) est ajoute dans le ballon tricol. Avec 
une seringue, 30 mL de chlorobenzene (seche prealablement sur MgS04) et la 
triethylamine (sechee prealablement sur MgS04) (1.01 g, 9.93 mmol) ont ete ajoutes dans 
le ballon. Une solution avec 30 mL de chlorobenzene contenant la tetramethylquinone 
(0.408 g, 2.48 mmol) est preparee. Le T1CI4 (0.707 g, 3.72 mmol) est ajoute goutes a 
goutes dans le ballon avec une seringue, et la solution a passe du jaune pale a presque 
noir. La solution de tetramethylquinone est ensuite ajoutee dans l'ampoule a addition 
avec une seringue. La solution de tetramethylquinone est additionnee goutes a goutes 
dans le ballon. Le melange est agite pendant 4 heures sous argon a 60 °C. La solution est 
filtree et le solvant est evapore. Le produit evapore est dissous dans le dichloromethane et 
la solution est lavee a l'eau (2x30 mL) et a la saumure (2x30 mL). Le produit est seche 
sur MgS04, filtre et evapore. Le produit est purifie sur une colonne de silice avec un 
eluant de 20 % hexane dans le toluene. Le produit est seche sous vide pendant 24 heures. 
Produit rouge (0.944 g, rendement: 75 %). RMN *H (CD2C12): 5, 7,43 (d, 4 H, Ph, 3JH-H= 
7.65); 7.24 (t, 4 H, Ph, 3JH-H= 7.65); 6.99 (t, 4 H, Ph, 3JH-H= 7.53); 6.51 (s large, 4 H, Ph); 
1.92 (m large, 12 H, CH3); 0.19 (s, 18 H, Si(CH3)3). RMN 13C (CD2C12): 8, 146.0, 134,1, 
131.6, 122.0, 114.6, 112.0, 103.9, 102.3, 31.6, 1.5. FT-IR (KBr): 2151 cm"1 (OC). SM 
(masse m/e): 506 (M+). Analyses calculees pour C32H38N2Si2-0,2H2O (510,43): C, 75,30; 
H, 7,58; N, 5,49. Analyses trouvees: C, 75,33; H, 7,86; N, 5,27. Pour les spectres voir 
annexes 1, 2, 3,4, 5, 6. 
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2,3,5,6-tetramethyl-(o/,^o-trimethylsilylethynylphenyl)-iminequinone (2) 
Le derive monosubstitue du tetramethyle (2) a aussi ete isole a partir de la reaction 
precedente. RMN JH (CD2C12): 5, 7.40 (d, 2 H, Ph, 3JH-H= 7.72); 7.28 (t, 2 H, Ph, 3 W = 
7.71); 6.99 (t, 2 H, Ph, 3JH-H= 7.56); 6.72 (d, 2 H, Ph, 3JH-H= 7.98); 1.97 (m, 12 H, CH3); 
0.08 (s, 9 H, Si(CH3)3). RMN 13C (CD2C12): 8, 188.1, 161.0, 155.8, 138.8, 134.2, 124.9, 
119.4, 112.8, 103.8, 100.2, 18.0, 13.9, 1.3. IR (KBr): 2156 cm-1 (OC) . SM (masse m/e): 
335 (M+). Analyses calculees pour C2iH25NOSi (335.52): C, 75.18; H, 7.51; N, 4.17. 
Analyses trouvees: C, 75.44; H, 7.76; N, 4.32. Pour les spectres voir annexes 7, 8, 9, 10, 
11,12. 
Bis(or^o-ethynylbenzene)-2,3»5,6-tetramethylquinonediimine(3) 
0.337 g (0.665 mmol) du produit 1 a ete place dans un ballon de 250 ml et 2.5 g de 
K2C03 y a ete ajoute ainsi que 180 ml de CH3OH. La reaction est agite a l'abris de la 
lumiere et sous argon pendant 24 heures. Le produit est ensuite filtre et le solvant est 
evapore. Le produit est ensuite dissout dans le CH2C12 et est lave trois fois avec de l'eau. 
La solution est sechee sur du MgSC>4 et est filtree. Produit orange (0.182 g, rendement: 76 
%). RMN !H (CD2C12): 8, 7.47 (d, 4 H, Ph, 3JH-H= 7.69); 7.28 (t, 4 H, Ph, 3JH.H= 7.69); 
7.02 (t, 4 H, Ph, 3JH-H= 7.54); 6.66 (m, 4 H, Ph); 1.97 (m, 14 H, CH3 et CH). RMN13C 
(CD2C12): 8, 156.0, 134.9, 134.5, 132.1, 131.4, 120.4, 118.7, 112.6, 85.1, 83.2, 16.9. SM 
(masse m/e) : 362 (M+). Analyses calculees pour C26H22N2»0.1 H20 (362.47): C, 85.73; 
H, 6.14; N, 7.69. Analyses trouvees: C, 85.74; H, 5.93; N, 7.49. Pour les spectres voir 
annexes 13, 14, 15, 16. 
Produit (4) 
0.064 g (0.176 mmol) du produit 3 a ete place dans un ballon de 100 ml et 0.089 g (0.176 
mmol) de cw-Pt(PEt3)2Cl2 y a ete ajoute ainsi que 3 mg de Cul. Les solvants utilises ont 
ete 30 ml de DCM distille et 30 ml de diisopropylamine. La reaction a ete agitee a l'abris 
de la lumiere et sous argon pendant 24 heures. Le produit est ensuite filtre et le solvant 
evapore. Le produit est ensuite dissout dans le DCM et lave trois fois avec de l'eau. La 




0.180 g (0.496 mmol) du produit 3 a ete place dans un ballon de 100 ml et 0.249 g (0.496 
mmol) de cw-Pt(PEt3)2Cl2 y a ete ajoute ainsi que 30 mg de Cul. Les solvants utilises ont 
ete 30 ml de CH2CI2 distille et 30 ml de diisopropylamine. La reaction a ete agitee a 
l'abris de la lumiere et sous argon pendant 24 heures. Le produit est ensuite filtre et le 
solvant est evapore. Le produit a ensuite ete cristallise dans le DMF. RMN !H (CD2CI2): 
8, 6.90 (m, 8 H, Ph); 2.01 (m, 12 H, CH2); 1.20 (m, 18 H, CH3). RMN13C (CD2C12): 8, 
123.8, 121.0, 111.6, 49.2, 21.0, 10.0. 31P NMR 8 (CD2C12): 8.14 s + 2 sat, !J(P-Pt) = 
1120).IR (KBr): 2106 cm"1 (C=C). Analyses calculees pour C5oH8oN2PtP2CuCl»0.63 
DMF (1035.21): C, 57.34; H, 7.50; N, 4.30. Analyses trouvees: C, 85.74; H, 5.93; N, 
7.49. Pour les spectres voir annexes 20, 21, 22, 23, 24, 25. 
2,3,5,6-tetrachloro-N,N'-bis(or^o-trimethylsilylethynylphenyl)-l,4-
phenylenediamine (6) 
Un bain d'huile a 60 °C est prepare prealablement. Toutes les pieces de verrerie ont ete 
sechees a la flamme avec de l'argon pour enlever les traces d'humidite. Le montage 
suivant etait comme suit: un ballon tricol de 200 mL a ete place dans un bain d'huile 
surmonte d'un refrigerant et d'une ampoule a addition. Le produit (ortho-
trimethylsilylethynyl)aniline (0.940 g, 4.97 mmol) est ajoute dans le ballon tricol. Avec 
une seringue, 30 mL de chlorobenzene (seche prealablement sur MgSC>4) et la 
triethylamine (sechee prealablement sur MgS04) (1.01 g, 9.93 mmol) ont ete ajoutes dans 
le ballon. Une solution avec 30 mL de chlorobenzene contenant la tetrachloroquinone 
(0.611 g, 2.48 mmol) bien dissous est preparee. Le TiCL (0.707 g, 3.72 mmol) est ajoute 
gouttes a gouttes dans le ballon avec une seringue, la solution a passe de jaune pale a 
presque noir. La solution de tetrachloroquinone est ensuite ajoutee dans l'ampoule a 
addition avec une seringue. La solution de tetrachloroquinone est additionnee gouttes a 
gouttes dans le ballon. Le melange est agite pendant 4 heures sous argon a 60 °C. La 
solution est filtree et le solvant est evapore. Le produit est dissous dans le 
dichloromethane et la solution est lavee a l'eau (2 x 30 mL) et a la saumure (2x 30 mL). 
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La solution est sechee au MgS04, filtree et evaporee. Le produit est purifie avec une 
colonne de silice avec un eluant de 40 % dichloromethane dans l'hexane. Le produit est 
seche sous vide pendant 24 heures. Produit jaune (0.361 g, rendement: 25 %). RMN *H 8 
(CD2C12): 7.46 (d, 4H, CH aro., JH-H= 8.50); 7.21 (t, 4H, CH aro., JH-H= 8.41); 6.88 (t, 4H, 
CH arc, W = 7.55); 6.42 (d, 4H, CH aro., JH-H= 8.20); 0.33 (s, 18 H, Si(CH3)3) ppm. FT-
IR (KBr) : 2144 cm"1 (C=C). MS (masse m/e): 590 (M+2H). Analyses calculees pour 
C28H26N2CI4SI2 (588.50): C, 57.15; H, 4.45; N, 4.76. Analyses trouvees: C, 57.15; H, 
4.51; N, 4.78. Pour les spectres voir annexes 26, 27, 28, 29, 30. 
Bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diamine (7) 
Ce produit a ete obtenu pendant la chromatographic du produit 6 de la deuxieme 
publication, soit le bis(para-ethynylbenzene)-2,3,5,6-tetramethoxyquinone diimine. 
Produit blanc. RMN lU (CD2C12): 5, 7.33 (d, 4 H, Ph, 3JH.H= 8.40); 6.73 (d, 4 H, Ph, 3JH-
H= 8.59); 5.85 (s, 2 H, NH); 3.71 (s, 12 H, CH3); 3.02 (s, 2 H, CH). IR (KBr) 8 : 2104 cm-
1




0.1294 g (0.3034 mmol) de bis(/?ara-ethynylbenzene)-2,3,5,6-tetramethoxyquinone 
diimine a ete ajoute a un ballon de 100 ml avec 0.130 g (0.303 mmol) du bis(para-
ethynylbenzene)-2,3,5,6-tetramethoxyquinone diamine (6), 0.3049 g (0.6069 mmol) de 
rra«5-Pt(PEt3)2Cl2 et 6 mg de Cul. 30 mL de CH2C12 et 30 ml de (iPr)2NH ont aussi ete 
ajoutes. La solution a ete agitee a l'abri de la lumiere et sous argon pendant 24 heures. Le 
solvant a ete evapore et le solide dissout dans le CH2CI2 et a ete lave 3 fois avec de l'eau. 
La solution a ensuite ete sechee avec du MgSC>4 et a ete filtree. Le produit a ensuite ete 
precipite avec du CH2CI2 et de Tether ethylique. Un produit mauve a ete obtenu. (0.56 g, 
rendement: 64%). ltt RMN 8 (CD2C12): 7.05 (m, 8H, CH aro.); 3.61 (m, 12 H, CH3.); 
2.19 (s large, 12H, CH2); 1.23 (s large, 18H, CH3) ppm. RMN 13C (CD2C12): 8, 151.3, 
150.8, 145.2, 144.7, 133.0, 132.3, 120.0, 119.5, 117.5, 18.2, 17.9, 10.0. 31P RMN 8 
(CD2C12): 14.70 (24.46 et 4.89 satellites), J=l 189.54). IR (KBr) 8 : 2099 cm-1 (C=C). 
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Analyses calculees pour CagHsoNiC^PiPt'O^ mol (jPr)2NH (1713.696): C, 53.56; H, 
6.14; N, 3.44. Trouves: C, 53.56; H, 6.10; N, 3.55. Resultats GPC: Mn = 13390, Mw = 
25716 et polydispersite=1.92. Pour les spectres voir annexes 34, 35, 36, 37, 38. 
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DISCUSSION GENERALE 
Les etudes sur les polymeres contenant les fragment Pd2(dppm)2 et Pt2(dppm)2 et des 
ligands de type diisonitrile ont permis de mieux comprendre les proprietes des polymeres 
organometalliques qui contiennent des ligands qui ont des liaisons faibles avec les 
metaux. Les analyses montrent que des polymeres sont presents a l'etat solide et qu'ils se 
brisent avec les molecules de solvant pour devenir des petits oligomeres en solution. Ces 
polymeres ont des proprietes de luminescence qui sont interessantes pour la formation de 
diodes electroluminescentes. Ceci peut etre vu dans la publication Solution and Solid 
State Properties of Luminescent M-M Bond-Containing Coordination/Organometallic 
Polymers Using the RNC-M^dppmVCNR Building Blocks (M = Pd. Pt: R = arvl. alky!) 
parue dans le journal Inorganic Chemistry et qui est la premiere publication dans ce 
memoire (Chapitre 2). 
Les polymeres qui contiennent des isonitriles montrent une fragilite des chaines et une 
absence de conductivite electrique. Suite a ces resultats, une idee d'utiliser des ligands 
qui peuvent etre reduits ou oxydes permettant un surplus ou une lacune electronique, est 
survenue. Ces proprietes redox peuvent permettre le passage d'electrons a meme les 
chaines polymeriques. La presence de dopant pour la conductivite n'est plus necessaire 
lorsque le dopage se fait dans le squelette meme des chaines polymeriques. Les ligands 
1,4-diiminequinones et 1,4-phenylenediamines ont ete etudies pour remplir ce role. Les 
resultats ont montre des proprietes redox interessantes surtout au niveau de la reversibilite 
des vagues en oxydation et en reduction. Ces ligands pourraient servir d'interrupteurs 
moleculaires dans la formation de polymeres si les ligands sont protonnees ou non. Le 
concept d'interrupteur est la possibilite d'avoir le controle sur certaines proprietes de la 
molecule avec des parametres comme le pH (protonnation ou deprotonnation), la lumiere, 
l'application d'un potentiel, la complexation ou non d'un groupement sur la molecule. 
Ceci peut etre vu dans le manuscrit «Conjugated Oligomers and Polymers of cis- and 
frafls-Platinum(Iiypara- and ort/zo-Bis(ethvnylbenzene')quinone Diimine» accepte dans 
le journal Organometallics et qui est la deuxieme publication dans ce memoire (Chapitre 
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3). Plusieurs groupements ont ete substitues sur les ligands 1,4-diiminequinones incluant 
F, Me, CI, OMe et OEt. Dans la publication, les groupements fluoro et methoxy ont ete 
utilises. L'atome de fluore a ete remplace par le groupe methoxy lors de la desilylation du 
compose fluoro. La complexation a aussi ete effectuee sur le platine(II) ainsi que sur le 
palladium(H). Des polymeres ont ete synthetises avec le platine(II) et les composes 
methoxy. Plusieurs proprietes interessantes de luminescence ont ete reportees dans cette 
publication de ce memoire. Des essais de dopage avec des acides et des mesures de 
conductivite electrique ont aussi ete faits sur les polymeres. Ces essais n'ont pas 
fonctionne mais de nouvelles idees et strategies seront essayees dans le futur. Une 
premiere option est de synthetiser un polymere de platine(II) avec des espaceurs 1,4-
diiminequinones substitues avec des groupements hydroxy. Ce groupement serait en 
forme de pont-H avec le groupe imine (C=N), favorisant la protonation de cette derniere. 
Ce compose serait auto-dopant ainsi que completement planaire (tel que verifie par calcul 
DFT par le Dr. Daniel Fortin), ce qui aiderait grandemant la conductivite electrique du 
polymere. 
J j 
H OH .j • 4 fa^ 
Figure 55. Structure du compose hypothetique tetra-OH ainsi que sa structure 
optimisee demontrant la planarite. 
Une deuxieme option est d'essayer de fabriquer une pile photovoltaique avec le 
polyaniline et une troisieme option est de faire d'autres essais avec un dopant. Ce dopant 
serait une acide tres faible ou un acide a de faibles concentrations car un acide fort 
casserait les liaisons dans le polymeres. 
Les autres avenues possibles pour ce projet sont que des nouveaux groupements sur les 
fragments 1,4-diminequinones et 1,4-phenylenediamines peuvent etre etudies pour voir 
224 
leur influence sur le comportement des ligands et des polymeres. Ceci inclu la possibilite 
de mettre des groupements avec de longues chaines alkyles pour ameliorer la solubilite. 
La synthese de polymeres avec des melanges de ligands peut etre faite pour voir 
P influence sur les proprietes de conductivite electrique et de luminescence. Les 




Mes objectifs dans les projets auxquels j 'ai participe etait de synthetiser des polymeres 
organometalliques avec des proprietes de conductivite electrique et de luminescence. Les 
objectifs de luminescence ont ete atteints. Toutefois, nous avons fait des essais pour 
obtenir un materiau conducteur mais ceux-ci n'ont pas ete fructueux. Plus precisement, 
pour ma partie dans le manuscrit du chapitre 2, j 'ai fait la synthese de tout les composes 
impliquant le palladium et nous avons observe de la luminescence mais aucun de ceux-ci 
etait conducteur. Quant a ma contribution au manuscrit du chapitre 3, soit tout les 
molecules avec des groupements de types ortho ainsi que les polymeres avec les 
groupements para, nous avons observe de la luminescence dans les mesures effectuees 
par Shawkat Mohammed Aly. On demeurre optimiste a la possibilite d'obtenir un 
polymere conducteur ou avec lequelle on peut fabriquer une diode electroluminescente ou 
une pile photovoltaique. Le laboratoire explore maintenant les polymeres avec les 
espaceurs de types diiminequinones avec des groupements methyles sur la quinone. 
II y aussi plusieurs possibilites quand au futur de ce projet incluant la synthese de 
nouveaux polymeres avec des diiminequinones differentes (OMe et Me). Ces nouveaux 
polymeres ont la possibilite d'etre dopes ou ils peuvent etre utilises dans la fabrication 
d'une diode electroluminescente ou une pile photovoltaique. 
Les polymeres qui ont des ligands de type ethynyle avec les fragments 1,4-
diminequinones et 1,4-phenylenediamines ouvrent de nouvelles voies dans les polymeres 
organometalliques conducteurs ou photoconducteurs. 
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ANNEXES 
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Annexe 4. Spectre infra rouge du 2,3)5,6-tetramethyl-N,N'-bis(o/,f/ro-
trimethylsilylethynylphenyl)-l,2-diiminequinone (1). 
Transmfttance / Wavenumber (cm-1) 
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Annexe 5. Structure rayon-X du 2,3,5,6-tetramethyl-N,N'-bis(ort/io-
trim6thylsilyl6thynyIph6nyI)-l,2-diiminequinone (1). Le pourcentage de probability 
des ellipsoides est de 50 %. 
C32 
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Grosseur du cristal (mm) 
Temperature (K) 







Densite calculee (Mg/m3) 
Mode de balayage 
F(000) 
Coefficient d'absorption (mm-1) 




Min./Max. trans, ratio 
Donnees/restrictions/parametres 
Justesse de l'ajustement sur F2 
Indices finale R [I>2cr(I)] 
Indices R (toutes les donnees) 
Pic de diffusion le plus large 























0.9908 et 0.6524 
2797/1/331 
1.004 
R l = 0.0913 
wR2 = 0.2343 
R l = 0.1328 
wR2 = 0.2675 
0.448 
-0.229 
Rl = ZI I F0 | - | Fc | | / 1 | F0 | ; wR2 = (Z[w(F02-Fc2)2]/Z[F04]) 
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Annexe 11. Structure rayon-X du 2,3,5,6-tetramethyl-(ort^o-
trim6thylsilylethynylph6nyl)-iminequinone (2). Le pourcentage de probability des 
ellipsoides est de 50 %. 
CI 
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Grosseur du cristal (mm) 
Temperature (K) 








Densite calculee (Mg/m ) 
Mode de balayage 
F(000) 
Coefficient d'absorption (mm"1) 




Min./Max. trans, ratio 
Donnees/restrictions/parametres 
Justesse de l'ajustement sur F2 
Indices finale R [I>2CT(I)] 
Indices R (toutes les donnees) 
Pic de diffusion le plus large 























0.8516 et 0.6659 
3106/0/225 
0.907 
R l = 0.0891 
wR2 = 0.2331 
R l = 0.1892 
wR2 = 0.2923 
0.231 
-0.347 
R l = ZI IF01 - I Fc | | / Z | F0 I; wR2 = (Z[w(F02-Fc2)2]/2;[F04]) 
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Annexe 13. Spectre RMN *H du bis(orf/ro-ethynyIbenzene)-2,3,5,6-
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Annexe 14. Spectre RMN 13C du bis(ort/io-ethynylbenzene)-2,3,5,6-
tetramethylquinone diimine (3). 
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Annexe 15. Spectre de 
tetramethylquinone diimine (3). 
masse du bis(ort/j0-ethynylbenzene)-2,3>5,6-
% 
in M: O 
m 
S3 
i i~ S3 
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Annexe 16. Spectre infra rouge du bis(orfA0-ethynylbenzene)-2,3>5,6-






Annexe 17. Spectre RMN *H du produit 4. 
J 
') J 
. 4 . 
o 
243 
Annexe 18. Structure rayon-X du produit 4. Le pourcentage de probability des 
ellipsoides est de 50 %. 
M^J* 
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Annexe 19. Donnees cristallographiques du produit 4. 
Formule Empirique 
Formule moleculaire 
Grosseur du cristal (mm) 
Temperature (K) 







Densite calculee (Mg/m ) 
Mode de balayage 
F(000) 
Coefficient d'absorption (mm1) 




Min./Max. trans, ratio 
Donnees/restrictions/parametres 
Justesse de l'ajustement sur F2 
Indices finale R [I>2a(I)] 
Indices R (toutes les donnees) 
Pic de diffusion le plus large 























0.9970 et 0.1996 
3878/2/281 
1.065 
Rl - 0.0837 
wR2 = 0.2245 
Rl = 0.0870 
wR2 = 0.2282 
3.673 
-4.488 
Rl = Z I IF0 I - I F c | | / Z IF0 I; wR2 = (I[w(F02-Fc2)2]/L[F04]) 
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Annexe 20. Spectre RMN *H du chIorocuivre(I)-(bis(0rt/i0-ethynylbenzene)-2,3,5,6-
tetramethylquinone diimine) bis(triethylphosphine)-platine(II) (5). 
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Annexe 21. Spectre RMN 13C du chlorocuivre(I)-(bis(0rfAo-ethynyIbenzene)-2,3,5,6-
tetramethylquinone diimine) bis(triethylphosphine)-platine(II) (5). 
1 
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31, Annexe 22. Spectre RMN P du chlorocuivre(I)-(bis(ort/i0-ethynylbenzene)-2,3>5,6-






Annexe 23. Spectre infra rouge du chIorocuivre(I)-(bis(ort/t<?-ethynylbenzene)-
2,3,5,6-tetramethylquinone diimine) bis(triethylphosphine)-platine(II) (5). 
I 
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Annexe 24. Structure rayon-X du chlorocuivre(I)-(bis(or^o-ethynylbenzene)-
2,3,5,6-tetramethylquinone diimine) bis(triethylphosphine)-platine(II) (5). Le 
pourcentage de probability des ellipsoides est de 50 %. 
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Grosseur du cristal (mm) 
Temperature (K) 







Densite calculee (Mg/m3) 
Mode de balayage 
F(000) 
Coefficient d'absorption (mm"1) 




Min./Max. trans, ratio 
Donnees/restrictions/parametres 
Justesse de l'ajustement sur F 
Indices finale R [I>2<y(I)] 
Indices R (toutes les donnees) 
Pic de diffusion le plus large 























0.9911 et 0.3247 
6572/0 / 398 
1.182 
R l = 0.1033 
wR2 = 0.2596 
R l = 0.2018 
wR2 = 0.3270 
2.133 
-2.373 
Rl = ZI IF01 - | Fc | | / 1 | F0 I; wR2 = (E[w(F02-Fc2)2]/Z[F04]) 
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Annexe 28. Spectre infra rouge du 2,3»5,6-tetrachIoro-N,N'-bis(or^o-
trimethylsilylethynylphenyl)-l,4-phenylenediamine (6). 
Transmfttance / Wavenumber (cm-1) 
14/03/2006 3:06 PM Res=4cm-1 
254 
Annexe 29. Structure rayon-X du 2,3,5,6-tetrachloro-N,N'-bis(oi*r/io-
trimethylsilylethynylph6nyl)-l,4-phenylenediamine (6). Le pourcentage de 
probability des ellipsoi'des est de 50 %. 
C9 5 
I 10 <> 
C 11 -i 
C8 5 
I 


















Grosseur du cristal (mm) 
Temperature (K) 







Densite calculee (Mg/m ) 
Mode de balayage 
F(000) 
Coefficient d'absorption (mm-1) 




Min./Max. trans, ratio 
Donnees/restrictions/parametres 
Justesse de Pajustement sur F2 
Indices finale R [I>2o(I)] 
Indices R (toutes les donnees) 
























0.4047 et 0.2161 
2848/0/167 
0.915 
Rl = 0.0678 
wR2 = 0.1632 
R l = 0.1764 
wR2 = 0.1997 
0.218 
-0.198 
Rl = XI IF01 - I Fc | | / S | F0 I; wR2 = (Z[w(F02-Fc2)2]/Z[F04]) 
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Annexe 31. Spectre RMN *H du bis(para-ethynylbenzene)-2,3*5,6-
tetramethoxyquinone diamine (7). 
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Annexe 32. Spectre infra rouge du bis(para-ethynylbenzene)-2,3,5,6-
tetramethoxyquinone diamine (7). 
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Annexe 33. Spectre de masse du 
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